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Training of a Vascular Surgeon 


ALTON OCHSNER, M.D., New Orleans 


{ 


Has advanced as 


No 


much in the past decade as has surgery of 


branch of surgery 


the vascular system. Prior to a decade and 
a half ago, surgery of the vascular system 
consisted of ligation of bleeding vessels ; 
correction of peripheral aneurysms by liga 
tion, exclusion, or partial excision; corre 
of of 


vascular the 


removal 


of 


tion venous abnormalities ; 


tumors, and decortication 
heart for constrictive pericarditis and repair 
of heart wounds. lor the performance of 
these procedures it was necessary that the 
surgical tech 


to 


surgeon be well trained in 


niques generally and possess courage 
treat certain vascular tumors and aneurysms 
Tremendous impetus was given to vascular 
surgery by the fundamental investigations 
of Carrel on arterial suture and the clinical 
of 
by Matas in which the relatively conserva 


of 


observations and treatment aneurysms 


tive procedure endoaneurysmorrhaphy 


was employed. It is remarkable, however, 
that little 


made in surgery of the vascular system from 


very fundamental advance was 


the original investigations of Carrel and 

Matas until recently. 
Attempts to increase the vascularity of 

the 


vascular channels in 


heart by procedures to promote new 
myocardium have 


the of 


the 


been mack by researches 


Bec k,! é 


Closure of a 


possible 


()’Shaughnessy,* and Vineberg.’ 


persistent communication be 


July 6, 1956 


presented at 


Received for publication 


Presidential address, the Fourth 
Meeting of the North American Chapter 


Angiology Chi 


Screntite 
International Societ ot 


1956 


of the 


June 9, 


cago, 


-tween the systemic and pulmonary cireula 


by Gross” in 


the 


arteriosus 
of 


tions in ductus 


1938, suecessful excision narrowed 


portion of aorta in coarctation by Gross %7 
and Crafoord,® and reestablishment of con 
tinuity either by direct suture or by use of 
a homograft marked a new era in the devel 
surgery of the 
Potts’? suggested 
tetralogy of Fal 


system 
that the 


opment of vasculat 
Blalock ® 
inadequate oxygenation im 
lot could be relieved by surgically producing 
a shunt between the systemic and pulmo 
This the of 
the treatment of conge nital anomalies of the 
Che orrection of 
acquired anomalies of the 
cardiac procedures as ¢ laborated by Brock," 
Potts,'* Harken," Bailey,'* Glover,'” 
16 Bigelow," 1s Lillehei,'® 


Dennis?! Dodrill,?*— Kirklin,** 


nary circulations was origin 


heart congenital and 


heart by intra 


Caross, swan 


Cnibbon,*” 
others represented tremendous 
the 


The development by Hufnagel ** 


and many 


tdvanees in treatment of intracardia 


anomalies 
of a plastic valve for insertion into the aorta 


to reestablish the valve mechanism has re 


habilitated and prolonged the lives of many 


unfortunate persons with aortic valve in 


sufficiency 
1940 Leriche 


In 25 described a syndrome 


which bears his name in which there 1 


localized arterioscierotn obliteration of the 


distal aorta and for which he advocated 


arteriotomy and extirpation of the diseased 
Phe differ 
of 


iortic intima (endarterectomy ) 


entiation of the two major typ enous 


thrombosis and the elaboration of appro 





priate therapy in each has represented an 
advance.*® The more recent correction of 
acquired lesions of the aorta, as a result of 
either arteriosclerotic or syphilitic change, 
by resection of almost any part of the aorta 
and its replacement by either homograft or 
plastic material, has been made possible by 
the investigations of DeBakey and his co 
workers,*7 Bahnson,”* Deterling,?”* Blake 
more *! and others 

Practically all of these great advances in 
vascular surgery, with the exception of vas 
cular suture, repair of cardiac wounds, and 
the relatively 


conservative treatment of 


aneurysms, have been made in the past 


decade, What factors have been responsible 
for these tremendous advances, and for the 
development of procedures which have be 
come more or less commonplace in the treat 
ment of anomalies which previously defied 
any attempt at correction? These have been 
possible almost entirely because of one fac 
tor, namely, the broadening of the training 
of the surgeon who is interested in vascular 
surgery. Although any surgeon must be well 
trained in the fundamentals of surgery, that 
is, the necessity of handling tissues as atrau 
matically as possible, the understanding of 
the normal histologic processes of wound 
healing, and the care of the patient gener 


ally, the vascular surgeon must not only be 


grounded in these facets of general surgery 
but must, in addition, be trained to perform 
operative procedures within the abdomen 
and the thorax and on the extremities. In 
addition, he must be an experimentalist and 
a physiologist, more familiar than his col 
leagues with the disturbed physiology pro 
duced by Whereas 


previously it was possible for a surgeon to 


vascular anomalies. 
become adept and competent by hospital and 
out-patient training, through which he be 
came adequately grounded in_ pathology, 
anatomy, and surgical diagnosis and obtained 
considerable experience in operative therapy, 
these are not sufficient in the training of a 
vascular surgeon. It is imperative that a 
vascular surgeon spend a great deal of time 
in the experimental laboratory, not only be 


? 
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cause he can become adept in a way that is 
impossible by working only in a hospital 
but also because he can anticipate and solve 
problems which might not be possible in 
the wards and the operating rooms of a 
hospital. Ravdin * states, “Recent additions 
to pulmonary, cardiac, and vascular surgery 
have been possible because of an intimate 
knowledge of normal physiologic function, 
and the surgery of these systems has a 
The 


geons who have explored and are continuing 


rational and sound foundation. sur 
to expand these fields, could not have at 
tained the brilliant results which they have, 
however great their technical skill, had they 
not been able to utilize the fundamental 
knowledge which investigators in the basic 
sciences have made available.” Experimen 
tal research and performance of many oper 
ations upon animals make possible the 
development of the present-day vascular 
surgeon, and no greater satisfaction could 
be had by those who have had the foresight 
to envision this than the sense of having 
accomplished what previously seemed im 
possible. 

Because of the necessity that a vascular 
surgeon should be much more adequately 
trained in the fundamental branches of 
medicine than is required in many other 
branches of surgery, it is desirable that he 
spend possibly a year or more in internal 
medicine, limiting his time almost entirely 
to the study of the vascular system. In addi 
tion to this, he should spend one or more 
years in a department of physiology or a 
surgical experimental laboratory in which 
considerable physiologic research is con 
ducted, where he not only becomes familiar 
with the physiologic techniques but also 
learns to appreciate their values and limita 
tions. Moreover, after embarking on the 
clinical phase of his training, it is essential 
that he continue to spend considerable time 
in the research laboratory, because it is only 
by frequently returning to the laboratory 
that he can solve additional problems. 

In no branch of surgery is teamwork so 


important as in vascular surgery. Although 





TRAINING OF A VASCULAR SURGEON 


some of the older surgeons were very proud 
of the fact that they were able to perform 
an operation with the help of only one 
person and with the availability of very few 
instruments, such is not possible in the per 
formance of most of the vascular surgical 
procedures. It is essential that most, if not 
all, members of the team work together in 
the experimental laboratory, because, al 
though in the performance of most surgical 
procedures speed is not of particular impor 
that the 
operative procedure for the correction of 


tance, it is extremely desirable 
vascular anomalies should be accomplished 
within as short a time as possible. Although 
speed can never compensate for careful 
work, many vascular operations have been 
unsuccessful because the procedure required 
too much time. Only by the development of 
excellent teamwork can the operation be per 
formed with absolutely no waste of move 
ment or time. 

Probably because it is relatively new as 
well as dramatic, vascular surgery has be 
come extremely popular, and as a result 
there are many who desire to undertake it. 
However, patients with cardiovascular 
anomalies require extremely careful pre 
operative study and their diagnostic and 
functional evaluation is possible only in 
expensively equipped laboratories staffed by 
highly trained personnel who are not avail 
Jecause of this, 
the 
availability of, and continued investigation 


able in many institutions. 
and also because of the necessity for 
in, an experimental laboratory, as well as 
the need for a competent team accustomed 
to working together, it is probable that the 
treatment of complicated vascular anomalies 
should be limited to the larger centers and 
will not or, at least, should not be done by 
a surgeon who, although he is thoroughly 
competent as a general surgeon and is 
even thoroughly trained in surgery of the 
vascular system, cannot competently care 
for complicated cardiovascular anomalies. 
However, it is possible and probable that 
in the not too distant future, with the de 
velopment of better hospitals in smaller 
communities, which will undoubtedly attract 


well-trained physicians, experimentalists, 


and 


surgeons to these smaller 


comunities, 
vascular surgery even of the more compli 
cated types can be performed safely in the 
smaller Until 


including those of research and experiment, 


community. facilities, 


such 
are available, by necessity, it is essential that 
complicated vascular cases should be treated 
only in those areas where the best care can 
be given to the person with these compli 
cated anomalies 

Vascular surgery represents the last fron 
tier in the development of surgery. Al 
you younger 
members who think of the present accom 
plishments in 


though there are many of 


vascular surgery as being 
quite commonplace, to those of us who have 
seen the developments in the past quarter of 
a century it is indeed a remarkable accom 


plishment 


The members of the International Society 


of Angiology have done much to develop 


the field of modern vascular 


surgery, and 


the Society can be justly proud of the a 


complishments of its members 


Prytania and Aline Sts. (15) 
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Digital Blood Flow Following Reconstructive 


Arterial Surgery 


OSCAR CREECH Jr., M.D.; MICHAEL E. DeBAKEY, M. 


The gratifying results obtained with re 


constructive surgery of the aorta and 


peripheral arteries in the treatment of on 
clusive lesions is evidence of restoration of 


blood 


clinical methods are adequate to assess the 


flow toward normal.*® In general, 


degree of change following resection or by 


pass of an occluded artery; however, it 


seemed to us that a quantitative measure 


ment of the alteration produced by the dis 


ease on the one hand and by its operative 


correction on the other would provide in 


teresting data relating to peripheral blood 
flow which might be clinically useful as well 
This study was begun, therefore, to meas 


ure digital blood flow in the upper and 


lower extremities of patients with arterio 
sclerotic occlusive disease and aneurysms of 


the aorta and peripheral arteries. [rom 


among 25 patients in whom digital blood 


flow measurements were made, 9 have been 
selected to illustrate certain aspects of the 
study, and the data from these 9 cases com 
prise the material for this preliminary re 


port 
Materials and Methods 


nine cases there were four with 


Among the 


arteriose leroti occlusion of the abdominal aorta, 


in two of which occlusion was complete and in 


two, incomplete. There were two cases of an 
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eurysm of the abdominal aorta and three case 


of arteriosclerotic occlusion of the femoral artery 


All of the 


seventh decades 


patients were men im the sixth and 


Measurements of blood 


after the 


made 
scribed 
\ digital electroplethy mograph ser 


digital flow were 


plethy smographi ally method de 


by Burch 


sitive to a volume change of 0.1 cu. mm. or less, 


ind recording through a Sanbort lirect-writing 


electrocardiographic machine was employed.’ Ox 


clusion of digital venous outflow was accomplished 


by means of a pneumatic cuff placed immediately 


proximal to the pletl ysmographu cup Dhe pre 


sure used to inflate this cuff was alwavs I than 


the diastolic arterial blood pressure and generally 


about 60 mm. of He 


In each case digital blood flow was measured 


before and at intervals after operation, and in two 
instances continuous recordings 


Subjects 


were made during 


operation were 


conditioned for the study 


by a simple explanation of its purpose and the 


methods to be V asodilatation 


fluid 


employed was in 


duced by oral administration of 2 ounces 


(60 cc.) of whiskey and by covering the patient 


with a blanket for 30 minutes prior ‘o the study 


If peripheral vasoconstriction was still present, 


preventing Satistactor 


measurement of the digital 
study wa 


Studie 


pulse wave, the abandoned and repeated 


at another time before and after 


opera 
tion made in an air-conditioned 

1, The 
72 | + | 


All measurements were made 


were room at 


temperature in the operating room 


with the patient 


lying recumbent with the digits at heart level 


in each instance curves of the volume-time course 


for the second right finger tip and for both right 


and left second toe tips were recorded. The vol 


ume artifact produced by the method employed 
Burch 


orded 


occlusion he 


was determined as previously described b 


Chis volume was then subtracted from the re 


trace for each digit after venou 


resulting value volume of arterial 


Mean 


by measurement of the 


represented the 


inflow volume flow was then determined 


area under the curve, using 


Simpson's rule and is expressed as cubic milli 


meters per 5 of part per second 
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DIGITAL PLETHYSMOGRAM ~ Control 


Mean vol flow « 2 cu mm/s part/sec 


Fig. 1.—Digital plethysmogram prior to operation in Case 1. Complete occlusion of the 
aort it the bifurcation is shown in the accompanying aortogram 


Illustrative Cases iliac anastomoses digital flow was again deter 
1. Complete Aortic Occlusion mined, and a striking increase in the values for 


both right and left toe tips was observed, although 
Case 1.—A 63-year-old inan was admitted to the continuity of the right iliac artery only had been 
hospital complaining of weakness of both lower restored, Upon completion of the left iliac anasto 
extremities and a walking tolerance of only one mosis the volume flow for the second digit of 
block. Physical examination revealed a blood that extremity increased further, and it was ob 
pressure of 180/70 mm. of Hg. There were no cerved that the volume flow for the right second 
pulses in either lower extremity. Aortogram dis toe tip had diminished. This vessel was inspected 
closed narrowing of the abdominal aorta with com and found to he thrombosed at the site of 
plete occlusion at the bifurcation (Fig. 1) 


Plethysmographic studies revealed a mean volume 
flow of 2.5 cu. mm. in the right second toe tip and CHANGES IN MEAN BLOOD FLOW DURING OPERATION 
21 cu. mm. in the left second toc tip (Fig 1) 


Aorta tRt. Thromus 
At operation the abdominal aorta was found to be 5 SlacA. Open Operatiun lelea 


completely occluded at the bifurcation, with severe LEG; sia Hfurcatipn Haas real 
4 oe O 


atherosclerotic changes extending upward to the 


origin of the inferior mesenteric artery. The right 


ae 


common iliac artery was completely occluded, and 
the left was partially occluded. The aortic bifurca 


tion was resected and replaced with a_ knitted 


~ 


Orlon prosthesis Following anesthetization and 
throughout operation the volume-time course for 
right and left second toe tips was continuously 
recorded, and at frequent intervals volume inflow 


following venous occlusion was also determined 


ie) 


(Fig. 2). Following administration of a spinal 


et mm /S cc fart /Sécora 
% 


anesthetic there was no change in volume flow 


~ 


in the right second toe but there was an increase m 


blood flow in the left second toe tip. Application 
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ferior mesenteric artery reduced mean volume flow Jntervals during operation 
by half, and upon resection of the aortic bifurea ; 

‘ig. 2—Changes in mean volume flow in. the 
tion volume flow was reduced to zero. Upon com 


econd toe tips during operation in 


of an occluding clamp to the aorta above the in 


pletion of the proximal aortic and right common 


6 
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DIGITAL PLETHYSMOGRAM - Immediately alter 
gperalior 
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Mean vol tlow - 
A 


atter 


3A 
operation 
digital 


Digital plethysmogram about 24 hour 
i ( 1, showing a significant 


ase 
blood flow 
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Fig. 3 Cwenty-eight weeks after operat 


normal, and aortogram disclosed normal patency 
and 


il thrombu 


re stored blood flow 


inastomosis. Remo of the repair 


of the anastomosi to the level 


observed immediately prior to thrombosis 


hours after operation mean volume 


3 and 5.7 « 


Twenty-four 


Wi u. mn 
Phe 
patie nt 
He 
appro 
pletl 


econd toc rT 
(Fig. 3A) 
uneventful, and 


ympton 


flow in the tips 


respectively postoperative course 


was the was discharged 


entirely free of returned to the 


for reexamination ximately three 


| spital 
ysmographi 
It 


volume 


months later, at which time 


iB) wa 
{} 


HOW 


tudies were performed (Fig 


at 


again 
that the 
pre Op 


still 


mean 
level 
did 


mation 


observed this time 


had decreased to the ative Climicall 


present but not appear 


rhe 


opera 


pedal pulses were 


strong a on previous e@xan 


oO i as 


tudies were repeated seven months after 


digit il 
th 


previou 


significant increase in 
Phe 


it ( ver ' 
! \ V i 


revealed a 


Fig 


tion and 


blood flow ( 5 patient tated it he 


was considerabls on 


DISEAS 
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Mean vol flow = & 2/ 
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digital 
level 


Kleven weeks after 


had returned to 


3B 


flow 


Fig oper ition 


blood 


preoperative 


digital was relativel 


bifurcation 


the 
the 


ion 
ot 


ple tl yvsmoyvram 


aorty md the ah arteri 


t 
ol 


light 


normal 


disclosed indentation a 
relatively 
Phe 
180/70 
Hy 


INCTCASE 


\ortogram 


but 


casion 
th 


the 


€ uture line patem 


blood ure, whiucl 


Hy 
g, 


following operation 


Orlon prosthesi pres 


to operation wa mm. ol wa 


110/68 mi 


The 


prior 
reduced to ol 


Comment in digital blood 
after operation 


t 


flow occurring en month 


compared with a low flow earlier sugge 


that restoration of peripheral circulation may 
occur gradually after restoration of arterial 
rhe studies made during operation 


that 


pate ney 


particularly interesting in they 
(1) the 
from the aorta 


the 


a> 


are 
collateral 
of the 


the 


alue of 


the 


demonstrate 


arising in region 


bifureation and (2) importance of 


hypogastric arteri collater il channel 


for the contralateral extremity 





ig. 4 


extending » the 


Digital plethysmogram 
level of the 


prior 


renal arteries 1 


, \ Q) 


hospital with a 


CASI year-old man was admitted to the 


history of ‘ntermittent claudication 


thighs, and buttocks for ap 


lhese 


point 


involving ‘the hips, 
had IN 
where he was able 


Phy sic al 


examination revealed no pulses in the lower ex 


proximately one year symptoms 


creased in severity to the 


to walk only with the aid of crutches 


level of 
180/100 


tolic murmur at the 


blood 


Aortogram revealed complete occlus 


tremities and a 


the umbilicu he pressure wa 


mm, ot Hy 


ion of the abdominal aorta extending to the level 


of the renal arters and it appeared that the 


central portion of the thrombus extended above 


(big +) 


closed a mean blood 


this point Digital plethysmography di 


flow of 148 cu. mm. in the 


right second toe and 1.81 cu in the left second 


toe (Fig, 4). By 


tlow tor the econd 


mim 


comparison, the mean volume 


right finger tip was &8& cu 


mm., a relatively normal value by the methods em 


ployed 


At operation the occlusive pre W found to 


extend about 5 cm. proximal to the renal arteries 


occlusion of the aorta above the 


branch 
completely fhe co 


ind) required 


uperior mesenteri in order to rem 


thrombotr proce 


A arteri were col 


length Lhe abdo 


arteri wil resect 


external pletel 


throughout thei 


low the renal 


bifurcation homogratt w anastot 


above and to the common femoral arteri 


\ left lumbar 


‘ valu 


aorta 


below ympathectomy w lone for 


ting the effect o thi pro 


blood flow by 


the purpose ot 


cedure following restoration of con 


to ope ration mn 
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DGITAL PLETHYSMOGRAM ~- Control 


ee hact 
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Occla sort 
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Mean vol flow» Kt HA cu mm/5 cc part / Sec 


Case 2. Complete aortic occlu 


shown in the accompanying aortogram 


parison with the opposite lower extremity, whic! 


had not been denervated 


There was an immediate return of pulsations to 


the dorsalis pedis and posterior tibia! arteries bi 


laterally, The patient’s postoperative course was 


uneventful, and two weeks after operation digital 
plethysmography was repeated. Significant in 
right lower ex 
13.0 cu 


there 


provement was observed in. the 
a mean volume flow of 


On the left, 


tremity, with mm 


(Fig. 5) however, was onl 
slight improvement, the volume flow being 2.4 cu 
half 
were again performed and revealed a de 
4.2 cu 


lett 


mm Two and one months after operation 


tudies 


cline in mean volume flow to mm, and 2.9 


cu. mm. for the right and second toe tips 


DIGITAL PLETHYSMOGRAM ~ 
15 


gk venous 
Oc 


2 weeks 
after operation 


Zz Artilact 


ae ' 
40 20 
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| 5.—Digital plethysmogram two weel 


) 1 


atter 
owing a latively 
left 


operation in Case 4 norma 
heital blood flow in the 
little alteration in blood 


extremity 


extremity and 
right 


lower 


flow in the lowe! 
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TAL PLETHYSMOGRAM ~ (0 weeks after 
. operator 
{ Venous 


Ya 
x Lesion a ol Artitact 


st 


10 **fo"—"“Fo 
Seconas 


Mean vol flow = s sp Camm scc part 


Digital plethysmogram 10 weeks after operation in C; ? showing a reductior 
«1 flow toward preoperative level Normal p: ) aorty 


hown in the accompanying 


respectively (Fig. 6) At this time the blood pres closed a hlood 
sure was 116/88 mm. of Hg, and the patient wa There was weak no ) on tl ight, but 
able to walk without mptoms except for slight ill other lowe1 xtret nul ‘ ibsent 


discomtort in the lef calf An wortogram reveale rowing of the terminal 


Comment The slight increase in mean aorta in the region of hifurcation and con 
e . ] | ] 
volume flow in the left foot following res plete occlusion of the | common thac artery 
- y) kemor | al yrag d mo t ted 
toration of aortic continuity as compared ™ eencua 
ht] é ; normal pater of the peripheral arte 
\ R « , ce > yf { 

With the substantial incre ase in the rignt toot Plet! 1ographic studies disclosed a 
suggests the presence of more advanced jean yo ae 7 adh, Sali alana 
arteriosclerotic occlusive disease in the ve if d om respectivel 
sels of the left lower extremity. The re 
duction in digital blood flow on the right 
three months after operation is similar to 
thes bifurcation 

that observed in Case 1. Similarly, there ES ete EP ok 


was a marked reduction in blood pressure ion was resected and replaced witl 
from 180/100 mm. of Hg to 116/88 mn m completion of 

of Hg. Additional studies are planned to return 
determine whether this reduction im digital tibial 


blood flow is temporary is an ind#ation 
of progressing occlu 

pheral arteri It 

left lumbar vinpathes 
+] 


pro r blood flow 1} i 


2. Partial Aortic Occlusion 


bloa«l bie (prie 


of aot on 
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Fig. 7.—Digital plethysmogram prior to operation in Case 3. Partial aortic occlusion with 
complete occlusion of the left common iliac artery is shown in the accompanying aortogram 


presence of strong pedal pulses simply re were no palpable pulses in the left lower ex 
flects the vasoconstriction resulting from dis-  Te™ty, although all pulses were weakly presesn 
° : ; ; on the right. An aortogram revealed narrowing of 
comfort incident to operation. live weeks : 

the terminal aorta, with complete occlusion of the 


later the patient: was asymptomatic, and left common iliac artery. Plethysmography dis 
digital blood flow had increased significantly. closed mean volume flows of 1.2 and 2.75 cu. mm 

Case. 4.—A 58-year-old man was admitted to the — in the right and left second toes, respectively. At 
hospital complaining of cramping pain in both — operation the occlusive process was found to be 
lower extremities of six to seven years’ duration, much more extensive than was indicated by aortog 
with a walking tolerance of only one block. Three — raphy in that the right common and external iliac 
years previously a left lumbar sympathectomy had — arteries were almost completely occluded through 
been performed, with slight improvement in symp out their length, and in addition to complete occlu 
toms on that side, Physical examination revealed — sion of the left common iliac artery the left 
a blood pressure of 140/80 mm. of Hg. There — external iliac artery was severely involved. An 
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Fig. 8A.—Digital plethysmogram one week after Fig. 8&8B.—Five weeks after operation mean 
operation in Case J, showing little alteration in blood flow in the right and left second toe tips 
digital blood flow compared with determinations had significantly increased 
made prior to operation 


10 
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onlay graft was utilized, anastomosing the upper 
end of the homograft to the anterior surface of 
the abdominal aorta just below the inferior mesen 
teri external iliac 


artery and the end of each 


portion of the graft to the side of the common 
femoral artery below. Upon release of the occlud 
ing clamps, pulsatile blood flow 


both feet. On 


was re stored to 


discharge from the hospital the 


patient was considerably relieved of symptoms 


About five weeks after operation plethysmographi 


studies were repeated and disclosed little altera 


tion in digital blood flow. At this time the patient 


was only partially ambulatory and had not com 


pletely recovered from operation. Six months 


after operation digital blood flow had increased to 
5.9 and 5.7 cu. mm, for the right and left second 


toe tips, respectively, and he was able to walk 


indefinitely without symptoms 


The 


similar to those in the previous case in that 


Comment results in this case are 
improvement in digital blood flow apparently 
occurred slowly, although pedal pulses were 
palpable immediately after operation. It is 
of interest to note that prior to operation 
volume flow was greatest in the left second 
toe tip, the side on which lumbar sympa 
thectomy had been performed previously, 
although pulses were absent in this ex 
tremity and present in the opposite limb 
However, six months after operation blood 
flow in the digits of both lower extremities 
was equal. 


3. Abdominal Aneurysm 


60-year-old 


complaining of a 


Case 5.—A man was admitted to 


the hospital painful pulsating 


abdominal mass of three months’ duration. Physi 


blood 
and a large pulsating 


cal examination disclosed a 
100/60 mm. of Hg 


extending from the xiphoid to the umbilicus. All 


pressure of 


mass 


pulses were present and equal in both lower ex 


tremities. Prior to operation plethysmographi 


studies revealed mean volume flows of 1.45 and 


1.77 cu. mm. in the right and left second toe tips, 


respectively. This determination was not entirely 


satisfactory, since there was evidence of consider 
able vasospasm despite 


attempts to correct this 


phenomenon, At operation a large aneurysm was 
found extending from just below the renal arter 
The 


aortu 


ies to the common iliac arteries aneurysm 


was resected and replaced with an homo 


graft. A continuous trace of the pulse wave was 


made throughout operation, beginning after in 


duction of anesthesia, and at intervals the volume 
flow was determined by the 


(Fig. 9) 


venous occlusion 


method After anesthetization there was 


DISEASE 
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Fig. 9.—Changes in volume flow in the 
right and left second toe tips during operation im 
Case 5 There are striking differences between 
values obtained for digital blood flow in this case 
and in Case 1 (Fig. 2) 


mean 


an increase in pulse volume and of mean volume 
flow in the digits as compared with the preopera 
tive determinations, which represented abolition of 
vasoconstrictor impulses. Upon application of ox 
cluding common  thiac 


After 


right common ihiac 


aorta and 


flow fell to 


clamps to the 
blood 


completion of the 


arteries, digital zero 


aortic and 


anastomoses and upon release of the occluding 


clamps blood flow in the right second toe tip m 


creased significantly, but that in the left was 


unaltered. Upon completion of the left iliac 


into left second toc 
tip increased, and at the end of 
volume both right and left 


tips had reached high normal values 


anastomosis the volume flow 


operation mean 


flows for econd toc 


Upon completion of the operation pulses were 
present in dorsalis pedis and posterior tibial arter 
ies bilaterally. The patient’s postoperative course 
was complicated by the development of iliofemoral 


thrombophlebitis in the left lower extremity, 


Plethys 
mography one month after operation revealed no 


which subsided on conservative therapy 


alteration in digital blood flow over that observed 


prior to operation. However, at this time the pa 


tient was not entirely recovered from operation 


and there was considerable peripheral vasocon 


striction evident 


Comment.—The plethy smographic studies 


before and after operation are not entirely 


satisfactory because of the peripheral vaso 


lI 





constriction which existed. That this was a 


factor is indicated by the increase in pulse 


volume and volume inflow after induction 


of anesthesia, Of particular interest is the 


fall in volume flow to zero upon occlusion 


aorta As 


an example of coraplete aortic 0% 


of the 
Case l, 


indicated previously in 


clusion, application of occluding clamps to 
the aorta produced only moderate alteration 
in digital blood flow, demonstrating the de 
gree to which collateral circulation is devel 
oped in patients with occlusive lesions as 
compared with the lack of its development 
in those with aneurysms. Similarly, in the 


blo« l 


was restored to the right iliac artery there 


case of aortic occlusion, when flow 


was a corresponding increase in blood flow 
to the left second toe tip as a result of 
collateral 
through the 


extensive circulation primarily 
On_ the 


in this case restoration of blood 


hypogastric arteries. 
other hand, 
flow to the right lower extremity produced 
no alteration in digital blood flow on_ the 
left and is further evidence of the paucity 
of collateral circulation developing in_ pa 
tients with aneurysms. The high mean flows 
observed at the end of operation may have 
been evidence of reactive hyperemia result 


ing from temporary complete aortic Oo 
clusion 
CASE 6 \ ol ear-old 


the he 


man was admitted to 


pital for treatment of an abdominal aneu 


rysm discovered six weeks previously during a 


routine examination Chere were no 


a blood 


There was evi 


ympton Physical « revealed 


100 


xamunation 


pre ure of 170 mm. of He 


dence of severe generalized arteriosclerosis, and a 


palpable in the abdomer 


hiss Wa 


the midline. Peripheral pulse 
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Occlaisvort 
—— 
Artifact 


din 
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were present and equal bilaterally. Roentgeno 


wrams ot the abdomen disc losed a large fusiforn 


aneurysm of the abdominal aorta with extensive 


calcification in its walls. Plethysmography re 


vealed a mean volume flow in the toe tips of 1.6 
15 cu. mm 

1OA). At 
sected and replaced with a bifurcation aortic homo 


The 


and 


and in the left and right, respectively 


(Fig operation the aneurysm was re 


grait postoperative course Was without 


incident, just prior to discharge plethysmo 


graphic studies were repeated, At this time there 


was a significant increase in pulse volume and 


1OB) 
examination of — the 


mean volume flow (Fig 


Comment (aross 


specimen removed at operation disclosed 


changes characteristic of  arterioscleroti 
aneurysms of the abdominal aorta. In places 
the threefold, 


severely 


lumen was increased whik 


elsewhere it was narrowed by 
thrombotic material. These luminal changes 
produced a significant reduction in periph 
eral blood flow, and following resection of 
the aneurysm and homograft replacement 
there was restoration of digital blood flow 
toward normal 


4. Arterial Occlusive Disease 


Case 7 \ 


the hospital 


58-year-old man was admitted to 


with a history of 
back 


extremity tor 


persistent pain in 


the lowe and weakness 
left 
had 


during the 


and fatigue in the 


lower about one year. There 


heen a progressive decrease in sexual poten y 
Physical ex 
170/100 


murmur 


prec eding five months 


amination disclosed a blood pressure of 


mm, oO Hy There systole 
just to the 


the left 


was a sott 
left of the umbilicus All 
weakly 


extremity 


pulses in 


lower extremity were 


palpable 


but those in the right lower were rela 


tively normal An aortogram revealed partial 


occlusion of the iliac bifur 


(Fig. 11) 


common artery at its 


cation Pleths smogram revealed a di 


Li we 


DIGITAL PLETHY SMOGRAM ~ 2 weeks aller o 


oe 4 4 A 4 
10 3O 
Decors 


r Ys 
Mean vol. How = 3 oo cu mm/$« part/sec 
r= ~ fe 


B 
Fig. 10B lwo 


significant 


weel 


wa | MicreAas 
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DIGITAL PLETHYSMOGRAM — Control 


—_~ 


-——— > 


Artifact 





a) 
30 


Mean vol. tlow + Lt.19 ca mm/s part/sec 


Fig. 11.—Digital plethysmogram prior to operation n : 7. Partial 
mimon ihac artery at its bifurcation 1 hown in tl ccompanying aortograt 

ital blood flow in the right second toe tip of 6.0 — clinic, and pedal pulse 

cu. mm. and 1.5 cu. mm. on the left (Fig. 11) bilaterally However 

\t operation the aorta and right common  titac that time revealed 

irtery were found to be relatively normal; how econd toe tip 

ever, there was extensive disease of the left con weeks later ix 

mon and external and internal ihac arteri tion, he returned 

knitted Orlon prosthesis was anastomosed to the 


ide of the common iliac artery above, 1 cm. distal as oO rved (Fig 


to its origin, and to the side of the commor the outpatient clini 

femoral artery below Upon completion of — the there wa light prog 

procedure pulses were present in the left foot and the left lower ex mit but plet! 

appeared to be considerably increased in volume tudies were not repeated 

over those noted bhetfore operation Two weeks Comment In this instance plethy Moy 
) ) % ) d “ ad 

ifter operation digital blood flow had increased in raphy demonstrated a progressive diminu 

the left lower extremity to 6.1 cu. mm., and the 1 

tion in peripheral blood flow following 

patient was discharged from the hospital without 


1 


ymptoms (Fig. 12A). Five months after opera initial early improvement after ihac artery 


tion the patient was examined in the outpatient bypass had been performed Thus, five 


DIGITAL PLETHYSMOGRAM - 2 weeks after 


TAL P 
Speration DIGITAL PLETHYSMOGRAM - 20 weeks 


atler operaliort 


Mean vol How « Lt. 61 ca mm/sec part/séc 
A 


Fig. 12A.—Digital plethysmogram two 

after operation reveals a considerable im 
ean volume flow. in the left second toe preoperatis 
tomaticall 





Fig. 13 
mean 
the shac 


Digital plethysmogram 26 
flow to preoperative levels 
prosthesis but poor filling of the 


volume 


month 


pedal pulse 


plethysmography revealed a re 
duction in digital blood flow which was ap 


parent clinically six weeks latet The con 


tinued decrease in flow 


peripheral blood 
noted at six and one-half months after op 
progres 


eration Was additional evidence of 


sion of the occlusive process 


area Which had been bypassed at operation 

CASE & \ 60-year-old 
the hospital with a five 
tent both 


mpathe ctomy 


man was admitted to 


year history of intermit 


claudication of lower extremities. Left 


lumbar had been performed pre 


viously, with no amehoration of symptoms. Physi 


cal examination bilateral 
although that on the left wa 


Poplite al 


revealed femoral pulses, 


severely diminished 


and pedal pulses were bilaterally ab 
Femoral 
block of eacl 
ent popliteal 


Digital 


sent arteriograms disclosed a segmental 


superficial femoral artery 


distal to the 


with pat 
eyment obstruction 


pletl 


mograms disclosed a mean 


volume 
flow of 
44 cu 
cluded 


heterogratt using 


$9 cu. mm, in the left second toe tip and 


right At 


were 


mm. im the operation the ov 


seyment 


bypassed with arterial 


end-to-side anastomose 
Following 


left dorsah 


operation pulses were restored to the 
tibial 
palpable on the right, 


pedis and posterior arteries, but 


no pedal pulse were and 


clinically the right lower extremity failed to show 


haprovemeni 


biood 


m the rig 


lwo weeks after operation digital 
flow in the left ] 


hy »? 


foot was 5.7 cu. mm. and 


cu. mm, One month after op 


blood 


volume 


eration t Wi t 


further reduction of 


flow “ht lower extremity, mean 


14 


weeks 
Nor togram 
femoral 


after operation, in spite of palpable 


beyond the 
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DIGITAL PLETHYSMOGRAM ~ 26 wi 
afi 


a SEE ey ee ae al 
10 20 
Seconas 


Mean vol flow = lt. 2.7 camm/sapart/sec 


operation in Case 7 shows a 
made at this time 


below 


alter return ot 


reveals patency of 


artery 


flow for the second toe tip being 2.3 cu. mm. and 


for the left, 5.7 cu. mm 
Comment.—This case is primarily of in 
terest because it demonstrates a significant 
decrease in peripheral blood flow following 
an unsuccessful femoral bypass procedure, 
although clinically there was little change 
CASE 9 A 60-year-old 
the hospital complaining of 
both 
There 


man was admitted to 


severe intermittent 


claudication of lower extremities of one 


year’s duration was associated numbness 


and coldness of the right foot. Physical examina 
The 
palpable bilaterally, 


pulse could be felt 


tion revealed generalized arteriosclerosis 


femoral pulses were strongly 
tibial 


Femoral 


and a faint posterior 


in each extremity arteriograms revealed 


extensive atherosclerotic throughout the 


right superficial femoral artery, and in a 


changes 
segment 
about 6 cm. in length the lumen was almost com 
occluded 14A). On the left 


occlusion ot the 


pletely (Fig there 


was complete superficial 


femoral artery, with development of extensive 


collaterals by way of the profunda femoris 


Plethysmographic 
flow of 1.3 cu 


studies revealed a volume 
both the 
14A). At 


femoral 


mm, in right and left 


second toe tips (Fig operation the 


right superficial artery 


tube, 


was bypassed 


with a crimped nylon using end-to-side 


anastomoses 


to the 


to the common femoral above and 
Immediately a 


both 


popliteal artery below 


strong pulse was palpable in dorsalis 


tibial 
One 


pedis and posterior vessels in the right 


lower extremity week after operation 


digital plethysmography disclosed a significant 


increase in pulse volume and a mean volume 





AORTIC AND PERIPHERAL ARTERY 


DIGITAL PLETHYSMOGRAM - Control 
r 

§ Et Venous 

Nm Q ee ee eee ee 


yy 50 


Mean vol orr= kt.102 Cumm/s cc part/ sec. 
A 





Fig 14A 


operation in artial 


Digital plethy smovran prior to 
, T ] in lu foot) ot the 
superficial femoral at in the accom 


panyving arteriovt! 


-/ week after 


DIGITAL PLETHYSMOGRAM 
operation 


Artitac L 


- 


70 : er 
Seconas 
Nean vol tlow = 96 Cu mm/5 a part/ SEC 
B 


Fig. 146.—One weel iter there wa 


operation 


increase in digital blood flow on the rig to 


near normal levels 


DISE. 


1S/ 


148) 


has been entirely tree o! 


flow of 9.6 cu. mm.. (Fig Sine’ opera 


tion the patient sym} 
toms 
extensive 


Comment.—In_ this instance 


had 


lumen of the superficial femoral artery t 


atheroscle resis encroached upon the 


such an extent that an effective pulse pres 


sure could not be maintained distal to the 


atheromatous lesions, and it resulted in 
symptoms of ischemia, although a pulse was 


Phis 


is a striking example of the fact that symp 


palpable in the posterio1 tibial artery 


toms of peripheral arterial insufficiency may 


exist im the palpable pulses 


presence of 


The gratifying symptomatic improvement 


a large collateral 


vessel in the form of a bypass is indicative 


following the creation of 


of the restoration of an effective pulse pres 


sure to the extremity distal to the occlusive 


process. This is confirmed by plethysmo 


graphic studies 


Comment 


The principal sources of error inherent in 
digital plethysmography have been deseribed 
Burch ! 
(1) position of the digit with refer 


to heart level, (2) the 


in detail by * and are essentially as 
follows 
ence artifact due to 


position of the occluding cuff, (3) leakage 
of blood past the occluding cuff, (4) orient 


ing and other vascular reflexes, (5) fullness 


of “venous reservoirs,” and (6) environ 


mental temperature and humidity. In pet 


forming this study, it was possible to control 
or correct for these factors before and after 


and to a smaller extent during 


Other 


operation 


operation anatomic and physiologic 
factor 5, howeve ¢ could not be entirely elim 
have 


inated or compensated for and 


had 
recognized that plethy smographi 
difficult than 


may 
a significant effect on the results. It 1 

tudies of 
imilar stud 


the toes are more 


ies of the haype 
mak 


ibout 


finger tip because of the 
and relatively short length of the toe 

ing it difficult to obtain an airtight seal 
the plethysmographic cup and ipply the 
cuff at the base 


However, with experience and patience thi 
| | 


digit 


pneumats 


part of the technique can be performed 


relatively satisfactorily. On the other hand 


15 





variables related to cardiovascular hemo 
dynam 
difficult 
early postoperative measurements of digital 
Thus, 

and 
large 
of whole blood were administered 
after 


was based on 


blood flow may have been significant 


lor patients having aortic resection 


homograft replacement, — relatively 
quantitie 
and immediately operation 
blood 
than on the more a 
blood 
the gravimetric method or determi 
total blood Thus, it is 
entirely possible that in some cases a blood 


study 


during 
| he 


( lini al 


amount of given 


signs rather 


curate methods of estimating loss, 
uch a 
nation of volume 
volume deficit existed at the time of 
blood volume was in excess 


blow xl 


and 


while in other 
of the preoperative level Asa result 
viscosity, cardiac output, cardiac rate, 
ssure may have been significantly 


blood pre 


altered, producing changes in digital blood 


flow unrelated to luminal restoration 


Pain and discomfort caused by the op 
erative wound may also affect digital blood 
flow by producing reflex vasoconstriction 
\lthough this phenomenon can be partially 
abolished by 


vasodilatation, 1 


simple measures to induce 


must be considered when 
evaluating digital blood flow within the first 
month after operation 

these variables, the values for 
blood 


cannot be considered accurate measurements 


Because oft 


mean digital flow recorded above 


even within the limits of the plethysmo 
graphic method and reflect gross alterations 
in digital blood flow only 

The observations made in Case 1 suggest 
a pattern of response to luminal restoration 
consisting of early reduction in digital blood 
later toward normal 


flow with Increase 


levels. Thus, in the early period following 
operation digital blood flow remained near 
the levels observed prior to operation, At 
the same time the patient’s clinical improve 
ment was not striking. There had been an 
immediate reduction in blood pressure from 
180/70 


180/68 mm. of Hg following operation. By 


mm. of Hg before operation to 


the seventh month, however, plethysmo 


graphic studies disclosed a significant in 


16 


and resulting from operation were 


to control, and their effect on the 
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crease in digital blood flow, and dramati 
improvement in the patient's condition had 
occurred, Since that time improvement has 
continued, and the patient is now without 
symptoms 

Phe treatment of comple te aortic occlusion 
by resection of the involved segment of 
aorta and replacement with a vascular sub 
stitute, thereby restoring a relatively normal 
lumen, raises some provocative questions re 
garding peripheral blood flow. During the 
period of complete occlusion of the terminal 
aorta, blood flow to the pelvis and lowe: 
extremities occurs by way of collateral ves 
sels That the total blood de 


livered by channels is in 


volume of 
these collateral 
excess of critical flows is evidenced by the 
usual normal appearance of the distal soft 
parts. That the volume flow is not normal, 
however, is evidenced by the development 
of symptoms of muscle ischemia, With sud 
den restoration of the lumen to major or 
primary arterial pathways the collateral ves 
sels are no longer needed to the extent that 
they were required operation 


Whether the 


continue to 


prior to 


collateral arterial pathways 
for how long a 


If the luminal 


function and 

period of time is not clear. 
diameter of these vessels is reduced grad 
ually in response to the lack of demand and 
if primary arterial pathways are patent, it 
would appear that the “arterial reservoir” in 
aug 
mented, and a relative blood volume deficit 


the lower extremities is considerable 


may result. Under these circumstances the 
effective pressure in the small arteries and 
arterioles would be reduced with a resultant 
reduction in peripheral blood flow.* In time 
an adjustment in the hemodynamics of blood 
flow in the lower extremities toward normal 
would take place, and with continued patency 
of the primary arterial pathways peripheral 
blood flow should return to normal 

On the other hand, patients with complete 
occlusion have arterial 


10rtic frequently 


hypertension due to increased pe ripheral 
resistance of the collateral bed, and restora 
tion of aortic lumen produces a significant 
lowering of blood pressure in most instances 


The early reduction in peripheral blood flow 
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following restoration of aortic lumen, there 
fore, may be an indication that an area of 
high peripheral resistance, the collateral bed, 
has been supplanted by one of lower periph 
eral resistance, the primary arterial chan 
nels 

In the second case of complete aortic 0 
clusion the changes in digital blood flow ob 
served following operation were somewhat 
different from those in the previous case in 
that flows for the right second toe were sig 
increased one month after 
the left 


slightly increased. Clin 


nificantly opera 


tion, whereas those for lowet 
extremity were only 
ically, pedal pulses were present bilaterally, 
although those on the left had a smaller vol 
ume than those on the right 
that there 


obstruction to blood flow on the left, which 


Thus, it ap 


pears was some peripheral 
in part accounted for the reduction in digital 
blood that this 


peripheral obstruction more blood may have 


flow on side. Because of 
been shunted into the right lower extremity, 
thus partially neutralizing the effects of re 
duced blood pressure described above. On 
the other hand, the reduction in digital blood 
observed in this case at three months 


be 


sclerotic 


flow 


may indicative of progressive arterio 
occlusive disease in the peripheral 
vessels. Observation 


of 


cause of these changes in peripheral blood 


over a longer period 


time will be required to determine the 
flow 

In the two cases of partial aortic occlusion 
there was comple te obliteration of the lumen 
of the left Both pa 
tients experienced considerable wound pain, 
isted 


common iliac artery 


which pet for almost a month afte 


operation and precluded satisfactory 


ple th 
How 


Instance Case 3) re 


ysmographic studies during that time 


ever, in the first 
covery was complete within one month, and 

digital blood flow wa 
In Ca | the 


not compl tely ambulatory at five 


’ 


at five week greatly 


increased howevet patient 
weel 
ifter operation and complained bitterly of 


ibdor 


tuchte it thi time di 


Was 


soreness of — the inal musculature 


1 le thy mov iphi 


closed littl change in blood flow Llowever 


tive months later the patient 1" pletely 


1S/ 


had 
at this time peripheral blood tlow was sig 
left 


lumbar sympathectomy had been per formed 


recovered and returned to work, and 


nificantly improved. In this case a 


three years before operation, and although 
there was a greater digital blood inflow in 
that extremity than in the right prior to 
operation, six months after operation blood 
flow was equal in both right and left second 
toe tips! 


It has 


digital blood flow may precede clinical evi 


been observed that alterations in 


dence of ischemia by a significant period 


of time. Thus, in Case 7 there was initial 


improvement in digital blood flow after op 


eration for left iliac artery occlusion, but 


five months later a significant reduction had 
this time the 


occurred, although at patient 


was free of symptoms. Later, symptoms ot 
ischemia appeared in the left leg, and there 

further 
This 


confirmed by aortography, which disclosed 


was plethysmographic evidence of 


reduction in digital blood flow was 
a patent bypass prosthesis, with poor filling 
of the femoral artery below 

The technique of digital plethysmography 
has been found useful in assessing the effect 
of unsuccessful attempts to bypass an o¢ 
cluded ha 


been a clinical impression that even though 


segment of femoral artery. It 


the bypass operation is not successful in 
restoring blood flow, there are no deleteriou 
effects, since collateral 
disturbed.‘ 
ied plethysmographically 
blood 


when operation ts 


JOSS ls have been un 


However, in several cases stud 


a definite decrease 


in digital flow has been observed 


unsuccessful 


uggesting 


that collateral flow ts in fact reduces 
Che studies made during operation are of 


he 


inferior mesenteri 


particular interest Importance ot the 


hypogastric, and lumbar 
arteries as collateral pathway in 


ha 


strikingly demonstrated in 


patie nt 


with occlusive aortic disease long been 


recognized and l 
these 


at the 


studies. In Case 1 (complete ov 


aortic bifurcation) application 
ad only 


blood 


occluding clamp to the aorta produc 


i moderate reduction n peripheral 


(lig 2) However, rese on of the 


' 


bifurcation with « t} i! 





ferior mesenteric and several lumbar arteries 


reduced peripheral blood flow to zero. 
Restoration of flow through the aorta and 
right iliac artery produced an increase inflow 
in the left second toe, indicating the impor 
tant role the internal iliac arteries play in 
maintaining peripheral blood flow in pa 
tients with aortic occlusive disease. Because 
of the importance of these vessels, caution 
must be used in performing aortic resection 
when there is extension of the occlusive 
process distally to such a degree that restora 
tion of circulation is jeopardized. Under 
these circumstances it is best to employ a 
bypass procedure, thus leaving these col 
lateral vessels undisturbed, 

The differences noted in digital blood flow 
during operation in Case 5 (abdominal 
aortic aneurysm) are evidence of the lack of 
development of collateral arterial pathways 
frequently observed with this lesion (Tig. 
9), One of the most interesting observations 
was made in Case 5 at the end of operation, 
when it was noted that digital blood flow 
had increased threefold over the values ob 
after The 
fact that the high volume flow lasted only 


tained induction of anesthesia. 
a short time suggests that it represents re 
active hyperemia resulting from prolonged 
aortic occlusion.® 

It must be emphasized again that these 
random observations have little significance 
at this time because of their small number 
and the limiting factors described above. 
The plethysmographic method of measuring 
peripheral blood flow may find some clinical 
application in evaluation of patients with 
occlusive aortic and arterial disease beyond 
that afforded by careful clinical examination, 
However, studies of this type are primarily 
designed to increase our understanding of 
the compensatory changes associated with 
occlusive arterial disease and pattern of re 
sponse to surgical restoration of normal 
aortic and peripheral arterial lumina. 


Summary 
Digital plethysmography was performed 
on 25 patients with arteriosclerotic occlusive 


disease or aneurysm of the aorta and periph 
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eral arteries. From nine of these cases the 
results of digital blood flow studies before 
and at intervals after operation were se 
lected to 
study. 


illustrate certain aspects of the 

In three cases of aortic occlusion digital 
blood flow in the lower extremities was only 
slightly increased early after luminal restora 
tion. Later, however, blood flow reached 
near normal levels. The cause for this grad 
ual rather than a prompt increase in digital 
blood flow is not clear, but may be due to 


‘ 


gradual reduction in volume of the “arterial 
reservoir’ or to a reduction in blood pres 
sure secondary to a decrease of peripheral 
resistance. 

The increase in lower digital blood flow 
following resection and homograft replace 
ment of an abdominal aneurysm reflects the 
effect on peripheral blood flow of luminal 
distortion produced by the aneurysmal proc 
Css. 

Plethysmographic studies during opera 
tion demonstrated the differences in col 
lateral circulation of patients with complete 
aortic occlusion and those with aneurysms. 
In addition the phenomenon of reactive 
hyperemia following restoration of blood 
flow after temporary aortic occlusion was 
observed, 

Alterations in lower digital blood flow fol 
lowing successful and unsuccessful bypass 
operations for femoral artery occlusion were 


described, It appears that the bypass pro 


cedure, when unsuccessful, may significantly 


reduce peripheral blood flow. 


1200 M. D. Anderson Blvd 


DISCUSSION 


Dr. Epwarp A. Epwarps, Boston: We have 
used ergometry to determine the effect of opera- 
tion on function of the limb. In our 
apparatus the calf muscles are stimulated electric 
ally by the 
stimulator, 


muscle 


rhythmic impulses of the Batrow 
acting against a load 


and with registration of the resultant movement 


with the foot 

The slide shows the results in a patient in whom 
peripheral pulses were restored by the insertion 
of an aortic bifurcation graft. The preoperative 
contractions show an abnormally low amplitude, 
The 


A normal limb would be able 


and a certain abnormality of configuration 
load was only 5 Ib 
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to lift 15 or 20 Ib., with contractions of much 


greater magnitude 


Surprisingly, the contractions produced two and 
one-half months after operation are even smaller, 
although the pedal pulses are excellent, in spite 
of the 
ability. It is 


months postoperatively that we see a 


patient’s assertion of effective walking 


finally in the curves made six 
return to 
function 


apparently normal 


This delay in return of muscle function after 


successful arterial reconstruction is usual 

Only about one-third of patients who have had 
lumbar sympathectomy show a certain increase 
in muscle power; the improvement is slower and 
of smaller degree than after reconstruction 

Dr. Davin I. ApkAMSON, Chicago: I think that 
it is necessary to point out that the blood flow 
data obtained by the methods described represent 
specialized vascular bed 
follows that the 


plethysmography 


the responses of a very 


I don’t feel that it necessarily 


changes observed with digital 


would be duplicated if another vascular bed, such 
as the muscles in the leg, was examined 
| feel that 


ultimately it will be necessary to 


evaluate all these procedures not under resting 


conditions but by placing a load on the muscles, 


as, for example, with exercise. Furthermore, the 
blood flow studies will have to be performed not 
on the digits, where the blood vessels are markedly 
under the control of the vasomotor center, but 
on the forearm and the leg, which contain vas 
cular beds which are more representative of vas 
cular responses in other parts of the body 

Dr. Creecu, I want to thank the discussers for 
The 


Structive surgery ot 


their remarks technical aspects of recon 


the aorta and major periph 
eral vessels are now well established, and | 
think we should turn our attention to some of the 
physiologic changes that occur as a result of the 


disease and its surgical correction. The plethys 


mographic method is not an entirely satisfactory 
means of investigating peripheral blood flow; how 


ever, with experience, a great deal of useful data 


DISEASI 


can be derived by this means. It is apparent that 
many patients will have to be studied in this way 


before the results can be properly interpreted 
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Collateral Circulation in Health and Disease 


TRAVIS WINSOR, M.D.; J. HOWARD PAYNE, M.D.; NORMAN 


Los Angeles 


he 


because of a need for a better under standing 


present studies were carried out 


of the functional capacity of the collateral 
\ortog 
of 


circulation in health and in disease 


raphy has been an important method 


obtaining anatomic evidence of the collateral 
ns itt he 


functional effects 


attention has 


A s 


times 


circulation however, 


been paid to it the 
presence of collateral circulation ts at 
highly important and may be the only cit 
limb, it would be 


culation sustaining a 


ar irable, if possible, to measure the degree 


‘| he 


determine 


of collateral circulation to a limb 


to 


pres 
carried out 


of 


ent studies were 


(1) sf measurements the circulation 


through major and collateral channels could 
be made and (2) differences in the amount 
of collateral circulation in normal subjects 
with arteriosclerosis oblit 


and in patients 


CTrans 


Methods and Materials 


Iwo plethy mographic methods 
1. “Phe 
pulsation of a digit with the volume rate of 


(Fig. 1).2 An 
employed.” A 


employe d 
the 
blood 
plethys 


were 
first compared the volume (height) of 


flow in a digit electron 
mograph Wiis 


14 cx 


he ight ol 


mall plastic cup of 


volume was placed on the digit, and the 


the pul ations was recorded in terms of 


relative volume rate 


Collateral Cireulation Index 


volume pulsations of the digit in cu 
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International 
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NORMAL 


DETECTION OF 
COLLATERAL FLOW 


PULSE HIGH ~ FLOW NORMAL 
FLOW THAU LARGE ARTERIES 


PULSE LOW - FLOW NORMAL 
FLOW THRU SMALL OR COLLATERAL VESSELS 


big ] The 
health and in 
large blood flow 
collateral channels 


index in 
Small pulse waves and a 
flow through 


collateral circulation 
disease 


indicate small or 


cubic millimeters of volume displacement per pulse 
the digit in the 
blood flow 


In all Cases, the volume ot 
4 x 


employing 
the 


heat 


cup was The volume rate of was 


occlusion tech 
cult 


inflated qui kl 


measured the venou 


nique with venous occluding placed at 


the ankle or wrist.” The cuff was 
swelling of 


the 


to above venous pressure, producing 


the digit, and as a result the base line of 


plethysmogram rose. The rate of rise was an indi 


cation of the rate of blood flow through the digit 


and was measured in terms of cubic millimeters per 


second. From the figures obtained in these two 


ways (height ot pulsation and relative blood flow ) 
index was calculated 


a collateral circulation 


of flow of the digit in cu. mm. per second 


nin 
on the 


Il. The 


urement o 


based 


the 


second method was meas 


periphery before 
The 
has 


follows 


blood pressure at 


and after compression of arteries method 


blood 


elsewhere 


recording systoli beer 


detail 


lor pressure 


described in and 1s as 
\ blood 


where the 


(at the ankle, 


cull 1s placed around the limb 


measured 


pressure 
systolic blood pressure is to be 
Fig 2), 
the 


and a plethysmographic cup 


is sealed on toe in order to record pulsations 


The cuff is inflated rapidly to above arterial pres 
sure, at which time the pulsations at the toe cease 


The cuff is then deflated slowly until the toe swells 


signaled the 
the 


the point at which arterial blood first passes 


which is on plethysmogram by ar 


abrupt rise of stvlus of the plethysmograpl 


Ihis is 
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OLLATERAL | 


Fig : Lex 
at the 


hing 
pressures 
Hated until it 

iff pressure is the 
abruptly. At this 
mograpl 


tolic blood 


pre 


mder the cuff 


ginning of the 
whicl 


Pre 


noted 


he part 


arteric 


| The « 
studied in 1 


tients with 


rig ») 


erans 


normal ubjyect 


INDEX 
FLOW 
(cu mm/sec ) 


PULSE HEIGHT 
(cu mm) 


and dise ans 
throug! 
rtenosclerosi 


mi normal ubyec 


TR 


ii ( 


ankle 
obliterates 


] 


n ec! 


point 


rises sharply 


ure 


poplite 


Ul 


ITION 


occluding 


pul st 


ised until 


stvius 


Results 


Nateral 
normal 
moderate 


Ihe 


“ 


(2-6) 
(¥) 
i | 
NORMAL 


collateral 


subrect 
irteriosclerosis 


AvVeTage 


ARTERIOSCLEROSIS 


Retore bic 


IN 


t 


circulation 


index 


Mipare | 


he toe 


HEALTH 


stolic ble 
cult 1 
the toc 

wells 
the plethys 


indicate 


nce X 
and 20 
oblit 


for the 


vith 


(18-40) 





OBLITERANS 
After block 


IND 


DISEASI 


oblit 


block 


7.0 in patients with arteriosclerosis 


After 


the average for the diseased group was 30.0 
\fter (L-2, L-3 


removed), it was 24.0 ( range 


erans a posterior tibial nerve 


a lumbar sympathectomy 
14.0 to 


These studies indicate that in patients with 


32.0) 


arteriosclerosis obliterans, especially after a 


tibial block or sympathe¢ 


the blood 
than is the height of the pulsation as com 
The etlect ot 


artery th 


posterior nerve 


tomy flow is relatively greater 


pared with normal subjects 


the on 


an obstruction of ihiac 


illu trated by a patient $5 veal 


index is 
old, with complete obstruction of the artery 
the 


1.0 cu. mm 


thromboendarterectomy height 


of the pulsations at the 


the 


it tore 
toe was 


blood tlhow was 8.0 cu. mn per econd 


Collateral « 


the tremor 


and the index was 8.0 


\ftes 
thromboendarterectomy the 


6.0 


pulsation wa the blood 
index Wa | ’ 


blood pr 


be tore 


ind the 


1] yy stolic ure 


measured ind 


VoqTe 


compression in normal subject 


tient with noderate 


eran 





Before 


Femoral Artery 
Compression 


Fig. 5.—Measurement of blood pressure made 
from the right foot in a patient with an occlusion 
of the femoral artery. A, systolic blood pressure 
read from gauge at rise of base line before manual 
compression. B, systolic blood pressure read from 
gauge at rise of base line after manual compres 
sion of artery 


Femoral Artery 
ied (Table 1, 


segmental occlusion of the right 


The first patient stud 
Case 2) had an arteriosclerotic 
femoral 
artery located between the inguinal ligament 
The 


blood pressure at the foot measured 100 mm. 


and the profunda femoris (Vig. 4). 


of mercury before and after manual com 


pression of the femoral artery. Figure 5, A 


and #, shows the abrupt rise of the plethys 


mographic stylus at 100 mm. of mercury 
cuff pressure before and after compression 
of the artery. These findings indicate that 
the flow 


entire to the foot was through 


A. M. A. ARCHIVES OF SURGERY 


collateral channels and that no blood 


passing through the common femoral artery. 


Was 


This was confirmed at surgery. The collat 
eral pathways in this case probably were as 
follows (Fig. 6): through the (1) superior 
and inferior gluteal branches of the hypo 
gastric arteries to the medial and_ lateral 
femoral circumflex to the first perforating 
branches of the profunda femoris; (2) ob 
turator branch of the hypogastric artery to 
the medial femoral circumflex branch of the 


(3) 
branch of the hypogastric 


profunda femoris; internal pudendal 


artery, to the 
medial femoral circumflex artery; (4) deep 
iliac circumflex branch of the external thac 
to the lateral femoral circumflex branches of 
the profunda femoris; (5) inferior gluteal 
branch of the hypogastric artery to the 
perforating branches of the profunda fem 
oris. For purposes of comparison the col 
lateral circulation was studied in a normal 
subject before and after manual compres 
sion of the common femoral artery (Table 
1). The of 
shown in Figure 6, A, and the plethysmo 
Before 


compression the pressure was 140 mm. Hg 


i, Case site compression is 
graphic trace shown in Figure 7. 


and after it was not measurable. This indi 


_ ae Se een 


lliac branch——{_ 


Inguinal ligament 
Deep iliac 
circumflex 

Ascending brai.ch 
Profunda femoris —_ 


Lateral femoral 
circumflex 


Fig 6 
channels 


Collateral 
around the hip 
femoral 


when the artery 


is obstructed at A 


Transverse branch 


Descending branch 


Pertoratore <— 





___— Ilio- lumbar 
Hypogastric 
Superior gluteal 
Inferior gluteal 


Obturator 
Internal pudendal 


Medial fernoral 


circurnflex 


~ Superficial femoral 
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Table 1 


cated that the significant flow was through 
the common femoral artery and not through 
the collateral vessels. Similar studies were 
carried out in 20 normal subjects and sim 


ilar results were obtained. 
Popliteal Artery.—Measurements 20 


normal subjects after compression of the 


popliteal artery revealed the absence of a 
measurable pressure at the foot (hig. 8, B). 
One of these subjects is shown in Table 1, 


Case 1. In a patient with a_ thrombosed 
aneurysm of the popliteal artery (Table 1, 


Case 3), the pressure at the foot after com 


Descending branch 
of lateral femoral - 
circumflex 


Popliteal — 


Lateral inferior genicular 


Anterior tibial recurrent -+- 





Peroneal ~ 


AND DISEASI 


Before 


Femoral Artery 
Compression 


Systolic blood pressure in a normal sub 
and after the 
the pressure at toe 

After, it 


Fig. 7 
ject femoral 


140 


before 
artery 


compression of 


? ‘ 
Before, the was 


mm. of mercury was not measurable 


pression of this only 


This 
through 


artery fell 
that blood 


channels as 


slightly 


indicated was flowing 


collateral well as 
through the popliteal artery. The probable 
collateral pathways are shown in ligure & 
the (1) 
through the descending branch of the lateral 


to the 


and are from femoral artery 


femoral circumflex lateral superior 


genicular and anastomotic branches to the 


lateral inferior genicular arteries; (2 


) high 
est genicular arteries to the medial inferior 


(3) 


arteries through musculoarticular 


genicular arteries; highest genicular 


branches 


to the anterior tibial recurrent artery to the 


anterior tibia; (4) superior to the inferior 


Femoral 


Hunters canal 
Highest genicular 


Saphenous branch 


Musculo-articular branch 


Fig. 8.—Collateral 


culation around the knee 


cir 


when an obstruction 1s 


present at B 


rior genicular 
Anterior tibial 


Posterior tibial 
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genicular arteries through anastomotic caused the pressure to fall to an immeasut 


branche able level. In this case the major circulation 


Posterior Tibial and Dorsalis Pedis Ar- to the foot was mainly through the posterior 


teries. The average pressure in the pos- tibial artery. In 20 normal subjects, when 


terior tibial artery in 20 subjects was 11 both the dorsalis pedis and posterior tibial 


mm. of mercury higher than that in the arteries were compressed manually at points 
dorsalis pedis, In anormal subject (Table 1, 2D and C of Figure 9, there was no measur 
Case 1) manual compression of the poste- able pressure at the foot. Thus, the pero 
rior tibial artery at site C in Figure 9, gave neal artery did not supply a_ significant 
a pre ure ol 110 min of mereury compared circulation to the foot This same finding 
vith a pressure of 121 mm, of mercury was observed in one patient with occlusion 
when the dorsali pedis Was compressed of these two arteries due to arteriosclerosis 
(big. 9, 1). In one patient with arterio 


clerosis obliterans an occlusion already 
n the posterior tibial artery and Table 2 

manual compression over this artery failed 

the pressure at the foot (Table 1, 

Manual compression of the dor 

pedi aused the pressure to fall too 

low to be measured (Table 1, Case 4). In 

this « the collateral circulation was mainly 

through the dorsalis pedis artery In a 
patient with arterioselerosis obliterans with 
occlusion of the dorsal pedis artery (Table 
Ll, Case compression of this artery at 


point J), bigure 9, caused no change in the 


pore ure at the Poot However, compression 


of the Posterolr tibial artery in thi patient 


Medial anterior 
nalleolar branch 


Tyore s pe 
Dorsalis pedis Fig, 9 Collateral cir 


culation in the foot whet 


ursal L / : Medial tarsal an obstruction is present 
branch branch at © or D 


itera 


Medial plantar 


~Arcuate 
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obliterans (Table 1, Case 6) Amputation 
was performed shortly after the studies 
were made 

High Brachial Arter) Normally (20 
subjects) compression of the brachial at 
tery, high near the axilla, resulted in no 
measurable pressure at the finger (lig. 10) 
This is illustrated in a normal subject 
(Table 2, Cz 7 ) The collateral How in 


Anterior hume 
circumflex 


Posterior 
humeral 
circumflex 


Fig. 10.—Collateral cit 
culation around — the 
shoulder when obstruc 


‘ ? { 
tion is present at “4 


ofunda brachii 


Anterior branch 
f profunda 


Radial collateral 
branch of profunda 





AND DISEASI 


a patient with arterioscleros: b> 


with an obstruction high in the brach 


tery 1s shown in Table 


pressure at the finge1 


compression above the 


2, Case 


did not ch ings 


protunda brachii 


which indicates that the collateral channels 


were of functional significance. The route ot 


collateral circulation probably Wil from the 


1) transverse seapular to the thoracoacro 


Inferior ulnar collateral 





branch 





‘ 


Descending branch 
of transverse cervical 


ntercostal 


big. 11 
culation 
V“ } en 


prese rit 





mial to the circumflex humoral to the deep 


brachial artery; (2) transverse scapular to 


to the lateral thoracic 


to the ascending branch of the profunda 


the thoracoacromial 


brachii to the deep brachial; (3) internal 
mammary to the intercostal to the circum 
flex scapular through the ascending branch 
of the deep brachial to the deep brachial ; 
(4) 


cervical 


descending branch of the transverse 


through the circumflex scapular 
through the ascending branch of the pro 


funda brachii to the profunda brachii. 


Low Normally (20 


subjects), manual compression low in the 


Brachial Artery 
brachial artery showed no measurable pres 
One normal 
The 


results indicate that normally the collateral 


sure at the finger (Vig. 11). 
subject is shown in Table 2, Case 7. 


channels around the elbow are not function 
ally significant for supplying blood to the 
(Table 2, 


with arterial disease with occlusion low in 


digit. In one patient Case 9) 


the brachial artery the collateral channels 


were of functional significance. In this case 
there was no significant change in the pres 
sure at the finger after manual compression 
of the brachial artery at B, Figure 11. The 
pathways for the collateral circulation prob 


(1) 


funda brachii through the radial recurrent 


ably were as follows: from the pro 
to the radial; (2) profunda brachii through 
the radial collateral branch of the profunda 
to the interosseous recurrent; (3) superior 
ulnar collateral to the posterior ulnar re 
current to the ulnar, and (4) inferior ulnar 
collateral to the anterior ulnar recurrent and 


anastomotic branches to the ulnar. 


Radial and Ulnar Arteries.-\n 20 nor 
mal persons compression of the ulnar ar 
tery gave somewhat higher pressures than 
compression of the radial artery (Vig. 12, 
C and 1) 
mercury 


The difference averaged 12 mm 
An example of one normal sub 
When 


both of these arteries were occluded simul 


ject is shown in (Table 2, Case 7). 


taneously there was no measurable pressure 
at the 


vessels which were present were not func 


digit; thus the smaller collateral 


tionally significant. In a patient with ar 


26 
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Dorsal 


~ anterosseous 


Volar interosseous - 


Radial 
~Ulnar 


Volar radial 
carpal branch 


Volar ulnar 


carpal branch 


Fig. 12.—Collateral circulation in the hand when 
an obstruction is present at C or D 


teriosclerosis obliterans with obstruction of 
the ulnar artery, compression of this artery 
at D (Fig. 12) did not alter the pressure at 
the digit (Table 2, Case 10) ; however, man 
ual compression of the radial artery at C 
(lig. 12) caused the pressure to drop to 0, 
indicating that the small collateral channels, 
that is the interosseous and the branches of 
the radial and ulnar arteries, were not carry 
ing a significant amount of collateral circu 
lation. Likewise, in a patient with arterio 


sclerotic obliterative disease who had an 
obstructed radial artery, compression of the 
radial artery at C, Figure !2, did not alter 
the pressure at the digit (Table 2, Case 11) ; 
however, pressure on the ulnar artery at D, 
Figure 12, resulted in no measurable pres 
sure at the digit, indicating that the ulnar 
artery was the major supply of blood to the 
digit. In a patient with disease and obstruc 
tion of both radial and ulnar arteries, Table 
2, Case 12, as shown by an arteriogram, 


there was no measurable pressure at the 
digit before and after manual compression 


of the arteries at C and D, Figure 12. 


Comment 
The 


tion in small vessels could be made by 


measurement of collateral circula 
comparing the relative rate of blood flow 
with the volume pulsations of the digit. This 
procedure is based upon the principle that 


blood 


patent arteries, producing high pulse waves, 


flows intermittently through large 
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ind less intermittently through small ot 


partially obstructed arteries, 
Che 


same in these 


producing low 


pulse waves volume flow second 


be the 


pet 


may two cases Irom 


these data ( pulse height and tlow rate) the 


collateral circulation index was calculated 


Studies showed that patients with arterio 


sclerosis obliterans have relatively low pulsa 
tions compared with the volume rate of flow 
(high index). A high index was obtained 
also in patients with moderate arteriosclero 
sis obliterans after a posterior tibial nerve 


block or after a lumbar sympathectomy 


findings that a 


dilates small 


These sympathec 


suggest 


tomy vessels and allows an 


increased volume rate of blood flow without 
producing a significant increase in the pulsa 


n identifving th 


tion of the digit importance the 


index type ol flo to 


digit was clearly illustrated in one patient 


Be fore it thromboendarterectomy ot the 


ihae artery, the collateral circulation index 


Was because a 


},] 


yin ul Wa 


high significant amount of 


flowing through small or collateral 


\fter 


that he 


index fell, in- 


had 


channel surgery the 


dicating major channel been 


cle ared 


] 


Studi s 0 the vstolt blood pre ssure if 


‘ 


the finger o1 before and after manual 


foot 


compression of arteries made it possible to 


determine the functional significance of the 


collateral] 


there 


circulation In normal subjects 
was no sigmificant collateral circulation 
about the hip when the femoral artery was 


compre ssed Similarly, there Was no signifi- 
knee 


sed 


In normal subjects when the dorsalis pedi 


cant collateral circulation about the 


vhen the popliteal artery was compre 
artery was compressed the circulation at the 
well maintained through the po 


! When the 


terior tibia! 
compressed the circulation 


foot Wa 
artery posterior 
tibial artery was 


irtery was sig 


4 


through the dorsalis pedi 
When both of these 


the re 


arteries were 


nificant 


compressed was no measurable pre 


sure which means that the collateral vessels 
not 
Normally the 


carried ad 


than did the 


(i. e., the peroneal and others) were 
of functional 


tibial 


sure 


significance 


posterior artery slightly 


higher pre dor 


alis pedi 


IND DISEASI 


and was of greater importance than the 


dorsalis pedis artery in supplying circula 


to the foot. In normal subjects after 


the 


tion 


compression of upper brachial artery 


above the profunda brachii there was no 


measurable collateral circulation around the 


Normally 


brachial artery at its 


shoulder compression ot the 
lower portion resulted 
in no measurable collateral circulation about 


the Normally 


ulnar artery produced only slight alterations 


elbow compression of the 


in the pressure at the finger, and compres 


sion of the radial artery had a similar re 


Ph 


generally wa 


sult pressure in the radial artery 
higher than that in the ulnar 
Normally 


were 


artery when the radial and ulnar 


arteries compressed imultaneously 


there was no significant collateral circulation 


to the digit. In the presence of chronic 


obstructive arterial disease, however, the 


collateral circulation often was of functional 


With chron 
popliteal, 


importance obstruction to the 


femoral, high and low brachial 


arteries, a significant collateral circulation 


Phe 


course 


was measured amount of collateral 


circulation, of will be the 


in all 


not Sanne 


patients, since it is dependent upon 


such factors as the systemic blood pressure, 


Ve ssels, ind 


the speed ot occlusion of the 


the presence O1 absence of potential collat 


eral circulation.** 


Conclusions 


Phi 


circulation could be 


presence and amount of collateral 


estimated by two tech 
niques: (1) by calculating the collateral cit 


culation index and (2) by the 


blood 
after manual 
teries \ 


ympathe ctomy 


measuring 
pressure at the periphery before and 
ssion of certain at 


blo k or 
through 


compre 


posterior tibial nerve 


increased the flow 
collateral channels. In normal 


was little 


ubjects there 
around the 
With chron 
dis 


collateral 


collateral circulation 


shoulder, elbow, hip, and kne« 


ic Obstructive arteriosclerotic occlusive 


ease of certain large vessels the 


circulation was measurable and was fun 


tionally significant 


hire Bly 





DISCUSSION 


De. FRANK H 


lime we 


Leeps, San Francisco: kor some 


have been very interested im measuring 
the collateral circulation and the effect of pressure 
in the small blood vessels following reconstructive 
urger\ In 500 patients, 102 of whom were sub 


jected to sympathectomies, we studied blood flow 
aimed at the measurement of 
blood vessels. We 
the blood flow 


found that the measurement of 


and performed tests 


ictual pressure in the small 


found it very difficult to quantitate 
measurement but 
itual pressure in the 


flected by the 


tion of the 


mall blood ve sels, as re 


reactive hyperemia test with eleva 


leet, ha been a very useful test 
| Slide | Phi test 


the feet to 65 em 


consists briefly of elevating 


above the heart level and 


gradualls dropping them The circulation is then 
occluded by inflating 
When the cuff is 


is immediate 


cuffs on the extremities 


deflated in a normal case there 


return of blood flow in the foot even 


when elevated 65 centimeters above heart level 


In this patient you notice a return of blood 


flow in the right foot when at a level of 45 cm 


wid the complete return of blood flow when drop 
vel ol ] cm 
[Slide] We 


plethysmography im order to measure 


ped toa ke 


observations also by 


blood 


| yperemia test 


checked ou 
flow 


at level indicated b the reactive 


Here you can see that the level is zero before 


ympathectomy, but subsequently elevation of the 


limb can gradually be increased with the develop 


ment of collateral circulation 
In summary, we feel that you can use this test 
measure the effective 


mall blood ves e] We 


better 


hy which one can actually 


arterial pressure in believe 


it correlates a littl with actual functional 


results over long term follow-up periods 


Angele | 


the technique for measur 


lp RAVI Winsor, Los would 


like to empha ize that 


inigr sthe blood pre ure at the ange before and 


after occlusion of the femoral artery 


blood vessel 


Measurements of the 


manually 


is not dependent on small flow, «as 


ly Abramson 
collateral 


Lig pee ted 


amount of circulation before surgery 


value in deciding whether or not an 


hould ln 


circulation or if the 


have been of 


effort made to preserve the collateral 


collateral circulation could 1 


delphia, Lea & Febiger, 


A. M. A 


ARCHIVES O} 


URGER) 


severed without detrimental effect. Measurements 


made postoperatively enable the surgeon to dete 


mine if blood is flowing through the major chan 


nels or collateral vessels 

Angele J 
their fine and kind dis 
J hese 


shown are ot 


through 
De. Howarp PAYNE, Los wish to 
thank 


cussion Of our 


the discussants for 
presentation this morning 


plethysmographic studies we have 
surgeon in the diagnosis 
Post 


made 


tremendous value to the 


and evaluation of his patient before surgery 


operative observations can be accurately 


without resorting to arteriogram 


We feel 1t 


capacity ol the 


important to know the functional 


collateral blood flow to a diseased 


extremity As this may be the only significant 


blood flow to the part, therapy can be planned or 


altered depending upon the presence or absence 


of collateral flow 
\s you have seen, it is possible to demonstrate 
the presence and the functional 


bloc xd 


technique 


capacity of col 


lateral flow by using the plethysmographi 
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The Importance of Angiocardiography for Visualizing 


the Thoracic Aorta 


ISRAEL STEINBERG, M.D., 


\ngiocardiography, the intravenous meth 
od of visualizing the cardiovascular system 
Strict ad 


method 


has been available since 1938.)? 


herence to the details of the 


regu 
larly results in opacification of the thoract 
iorta 


\ortography by left auricular,‘ left 


and and 


9.10 


ventricular,’” aorti puncture 
technically 


ind 


purpo e ot 


catheterization more 


should 
this 


are 


difficult and carry a greater risk 


Phe 
the 


not be used routinely 


paper is to reiterate practicality of 


ingiocardiography for aortic visualization 


to demonstrate how simply mediastinal tu 


mot may be differentiated from aorti 


ineurysms, and to illustrate the importance 


of visualizing the aorta. Discovery of aorti 


disease no longet of academi 


the latest surgical triumph being resection of 


iortic aneurysms and replacement by grafts 


Technique of Angiocardiography 


\ngiocardiography i 


visualizing the cardiovas« 


iccomplished b aking 
nd half 


iodide solution 


jection 1 « ( 


one 


ind 


1 


pecial needle topeoctk 


pecial 50 cc. Luer-Lok syringe with t 
dur 


Sodiun 


heer 


tip and by injects the contrast substance 


ing inspiration with the arm elevated 


icetrizoate (Urokon sodium) 70% 


mediur 


The dose 


found to 


fects and 


Receives publication Jul 
Aided by 


cal Vork 


rom t 


trot thie 


Dep rimenit 
ve I he New 

Center 

Meet 
Internationa 


9 1956 


interest, 


and NATHANIEL FINBY, M.D., New York 


zoate tor children is 1 ec. per 


weight; for adults, depending 


between 35 and 50 c« 


or 


full size 


angiocardiography of the 


14x17 in 


tandard 


wrta im tie 


filn may I 


cases a tereoca ¢ 


ind 


will provid 


be used two filn 
The 
is heart 


ind 


tion 


circulation time is usually 


failure Tar 


after the be 


ordingly, expo 


nine second ginnit 


iiority of instance allow 


For children 


urchild 9x9 


will, in the n 
aorta 


the | 


the new 1212 in. I 


thoracn 

mall stature 
ssette or 
multiple (two 


will provide 


filt during opa 


ten 


bra 
no he 
infec lateral or f1 


econd ecure 


Deat! curred during a 


ot the thoracn 


Differentiation of Mediastinal 
Tumor and Aneurysm 


hie 


which |r 


thorac iorta ive ror t 
deep within the 

readily 
When cise of 


tructure (« 
difficult, if 


heart, is ordinarily 


roentgenography 


mediastinal pre 


occult it 1 not impo 


distinguish it from the adjacent 


cular structure In such instance 


cardiography Is ¢ ential, and by 


chambet 1 


ike the 


the cardia ine 


re 

readily m different 
ligure LA im ex 

media tinal ma 


which wa 


could not be separated f1 the ascet 


Visualizing the thoraci 
1B) readily « hed 


the ma ind’ excluck 


aorta 
tabli the ¢) 


nature ot 


ibstance of 


discermible 


vdult 


chio 


itation to 


ontal 
ngio 


wrta 


root 
the 
(itl 


the 


cardio 


uljacent to 


ming 





1, conventional al xX reveal li 

row) which car differentiated trom 
ascending aorta frontal angioeardiogram show 
the intact normal ascending aorta (A) excluding 
ancurysn At operation a pericardial ‘ t attache 


to t, pericardium | diverticulum wa 


j 


found 


nosis Of an aortse mecurysm 


\nother pa 


tient tumor which 


(I‘ig. 24) had a 
| 


surrounded and obscured the aortic arch 
Visualizing the normal aorta and its brachio 
excluded aorti 
tablished the 


a mediastinal tumor 


cephalic vessels (lig. 2B) 


aneurysm and e presence ol 


Acquired Disease of the Aorta 


Syphilitic Aneurysms In recent years, 


the incidence of cardiovascular syphilis and 


aortic aneurysms has decreased.'* Improve 
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ment in surgical techniques has made pos 


sible excision of saccular aneurysms and 


suture of the aorta,’® as well as resection 


and replacement of the aneurysm by 


grafts.!? It has become important, there 


fore, to clearly establish the diagnosis by 
visualizing the aneurysm and demonstrating 
the degree and nature of involvement of 
neighboring structures, This can be easily 
accomplished by angiocardiography, without 
resort to aorti 


puncture or retrograde 


aol tography 


hig é Dermon cyst iting orth 
curysm, m a ] 


al 
i pulsatile 
rounded left anterior mass w) surrounds the 
arch. B, left 
gram shows a normal thoracic aort 
to the superior mass, 
on excision proved to be a dermoid cyst 


Aorthye 


interior oblique angiocardy 


\rrow points 


nonopacified anterior whicl 
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»>-p 


left cardiac chambers and aorta (lig. 3B) 
demonstrated a saccular aneurysm ot the 
innominate artery Subsequently, resection 
of the aneurysm and replacement with a 
homograft afforded complete relief of tra 
cheal obstruction; the patient has been well 
for more than four years 
Irteriosclerosis of the Thoracic Aorta 
\rteriosclerosis of the thoracic aorta ts be 
coming commoner because of increasing 
longevity. Dilatation, elongation, tortuosity, 
and buckling of the thoracic aorta occu 
commonly with arteriosclerosis and may 
simulate aneurysms. Heretofore, discovery 
of aortic aneurysms was mostly of academic 
interest; wiring and cellopane wrapping 
having heen of limited success Newer sur 
gical techniques, especially excision of the 
aneurysm and replacement with homologous 
aortic gralts, promise to be a more effective 
treatment.'? 
The eary diagnosis of thoracic aorty 
incurysm is important; duration of life, 
once symptoms begin, is apparently lim 
ited. 18.19 Roentgenography fortunately, 
provides a significant clue by disclosing 
ibnormal mediastinal or hilar shadows. If 
the vascular nature of the lesion is obscure, 
contrast visualization of the thoracic aorta 
the method of angiocardiography will 
stablish the diagnosis 
igure 44 reveals a saccular aneurysm of 
cle scending arch of the thoracic aorta 
in a 65-year-old woman with hypertension 
who had hemoptysi Phe angiocardiogran 
lig. 48) taken earlier re iled constru 
tion of the left pulmonary artery by the 
ineurysm. igure 5A is the frontal angie 
( irdiogram ol a 7 year-old man who had 
backache due to erosion of the thoract 


nnominate i fusiform arteriosclerotic aneurvs! 
irtery, in a 53-yea | ul i hu nonpulsa , , 
, a descending aort: ooth uncales 
tile mass (arrow), neu 1) ( the a & pete Phe noo uNncal 


cending aorta, is marked plac ind narrowing d character of the ascending and trar 
the trachea. 2, fron wcardingram disclose 


e portions of the aorta (lig i 
a saccular aneur\ , 
with thrombus (arrov x cision , ; evidence in favor of the arterioscleroti 


and replacement by 
ind replaceme igainst a syphilitic etiology of the aneury 
of dy pea lhere 


Dissecting Aneurysms Dissecting 


i huge superior me rysms cf the aorta are really rupture 


diastinal mass which markedly deviates and mner and medial coats of tl 


narrows the trachea. Opacification of the lissection. Usually they be 





irteriosclerotic aneurysm 


hemopt t Od-yeatl 


ANRIOCATONLO am How 


frontal 
urrounded 
portion 
rrow) by 


pul wr 


in atheromatous plaque or ulcer 
The blood 


within the 


rupture of 


or follow medial cystic necrosis 


then splits or dissects medial 


layer, separating it into an inner and outet 


] 


wall ascending aorta is a common and 


\nother, 
lethal, is at the 


| 
Phe 


often fatal site of rupture and 


ipparently not as origin of 


the. left subclavian artery \ hypertensive 


patient had sudden thoracic pain, had normal 


:> 
) 
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electrocardiographi studies, and developed 


a huge widened mediastinal shadow. Angio 


cardiography (Fig. 6) showed abrupt nar 
£ ’ g 


rowing of the descending aorta, just beyond 
the left subclavian artery, due to massive 
adjacent hematoma, establishing the diag 
nosis of dissecting aneurysm of the aorta. 
Buckling of the Brachioce phalic Arteries 
the 


may simulate mediastinal tumors. 


Buckling of brachiocephalic arteries 


20 


Usually 


there is hypertension, and pulsations may 


arteriosclerotic aneurysm of 
aorta eroding the spine, In a 57 
frontal angiocardiogram reveals 

lined with thrombus. B, left 
view, howing the aneurysn 
(arrow ) Note the normal ap 
ascending and aorts 
aneurysm by homo 


Fig. 5.—Fusiform 
the descending 
year-old man. A 
aneurysm (Carrow) 
anterior oblique 
against the 
pearance of the 


Spine 
transvers¢ 
Resection and replacement ot 
grait was clotting of an 
abdominal aortic 


followed by unsuspected 


aneurysm 
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rupture of the aorta was thought to be rare 
and to result in sudden death, the diagnosis 
being made at autopsy. Angiocardiography 


and exploratory thoracotomy now make pos 


sible the diagnosis during life.* 


} 
' 


Fig. 3 Traumatic aneurysm o i aorti 
arch, in a 46-year-old woman with a history ot 
an auto accident 26 years previously 1, conver 
tional x-ray shows a huge calcifed mass surround 
ing the aortic arcl arrow ) B, left anterior 
oblique angiocardiogram reveals a saccular an 
eurysm at the aortic arch just beyond the origin 
of the left subclavian artery (arrow). Note the 


normal appearance of the rest of the aorta 


Fig. 6.—Angiocardiogram showing compression 
of the descending aorta, just beyond the origi 
of the left subclavian artery, by a hue «lis 
secting hematoma (arrow), in 19-year-old 


woman 


Fig. 7 Angiocardiogram shows “buckling” 
right subclavian and carotid arterte 


be present in the right side of the neck 


and clavicular spaces. ligure 7 shows the 
angiocardiogram of a patient with widening 
of the right upra-aortic area lortuous 
(buckled) right subelavian and carotid at 
teries were responsible for the increased 
superior mediastinal shadow, which simu 
lated a mediastinal tumor 

Traumati Ineurysm of the Thoraci 
lorta.—-Traumatic aortic aneurysms may be 
produced by blunt or compression injurt 


or penetrating wounds. lormerly traumatic 





A common site of traumatic aortic aneu 
rysms is the beginning of the descending 
aorta, just distal to the left subclavian artery 
and above the site of the ligamentum arteri 
osum. The other and more frequent site is 
distal to the 
the first 
by the brachiocephalic arteries, the other by 


the heart 


in the ascending aorta just 


aortic valves. Both sites are fixed 


and are subject to stress when 
the body decelerates after an injury.** This 

because the relatively free central por 
tions of the aorta are snapped forward by 
the retarding force and decelerate at a dif 
ferent rate than the rigidly fixed portions, 
which decelerate at the rate as the 
The differential stresses 


same 


body as a whole. 


cause aortic tears, which are usually hori 


zontal; if they involve 


all layers there is 
and sudden death. If a tear of the 


saccular 


rupture 


inner layers occurs, a aneurysm 


results; if only the intima ruptures, a dis 


ecting aneurysm is produced. Figure 8A 


demonstrates a calcified aortic aneurysm of 
the aortic arch in a 46-year-old woman who 
had had chest trauma during an automobile 
accident 26 years earlier. Angiocardiog 
raphy (lig. 8B) demonstrated the saccular 
nature of the 


aneurysm at the aortic arch. 


The normal contour of the ascending aorta 


was an aid in excluding the presence of 


syphilitic aortitis. The patient was asymp 


tomatic, and the aneurysm was discovered 


after routine roentgenography of the chest 
In view of the asymptomatic nature of the 


ailment, aortic resection was not recom 


mended, In a recent case reported by Sarot 


and lazzarini 78 


a 36-year old woman had 


pain in the left shoulder and back and de 
veloped cough 


tinal 


\t first, a posterior medias 


tumor of neurogenic origin § was 


suspected, When the vascular nature of the 
mass was demonstrated by angiocardiog 


raphy, the significance of severe chest 
trauma and shock sustained in an auto acci 
dent 14 years previously was appreciated 
Successful resection of the 
tially 


aortic arch with suture of the ends to a graft 


traumatic pat 


calcified saccular aneurysm of th 


Was accomplished, 
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Congenital Malformations of the 
Thoracic Aorta 


Coarctation of the Aorta.-The diagnosis 
of coarctation of the thoracic aorta is being 
made with greater frequency because of 
routine palpation and blood pressure deter 
minations of the lower extremities and the 
recognition of the significance of rib notch 
ing. Even with clear-cut clinical manifesta 
tion of aortic coarctation it is desirable to 
visualize the coarctation to exclude multiple 
and unusual sites of coarctation and asso 
ciated aneurysms and to determine the site 


and length of the coarctation. Angiocardiog 


Fig. 9.—Left anterior oblique angiocardiogram, 
showing coarctation of the thoracic aorta (arrow) 


raphy (lig. 9), despite reports to the con 
trary, can be depended upon to visualize the 
coarctation in almost every instance.*:** 
y lorti 


Che aortic sinuses are three small dilatations 


Congenital Sinus Aneurysms 

in the wall of the aorta immediately above 
the aortic valves. Each sinus lies just above 
the attachment of an aortic cusp. The right 
and left coronary arteries usually originate 
within two of the aortic sinuses; however, 
they may emerge immediately distal to the 
aortic sinuses. The aortic sinuses and thet 
corresponding aortic valves are named ac 
cording to the source of the coronary ar 
teries. Thus, the right and left coronary 
and left 


The remaining 


arteries emerge from the right 


aortic sinuses, respectively 
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aortic sinus usually lies posteriorly, does not 


contain a coronary artery, and, according 


to the newest nomenclature, is designated as 
the noncoronary sinus 
The 


cannot be 


aortic sinuses are intracardiac and 


identified by conventional roent 
genography. During angiocardiography they 
appear as small dilatations at tne root of the 


aorta immediately above the aortic valves 


and are best visualized in the left anterior 


oblique projection. Inconstant filling of the 
coronary arteries during angiocardiography 
does not allow complete identification of the 
sinuses. However, in the left anterior ob 
lique view the right coronary 
behind the 
Valsalva are 
tion to all the cardiac chambers, particularly 
The 


vena cava and the pulmonary artery, the left 
and the left 


sinus is an 


terior and just sternum. ‘The 


aortic sinuses of in close rela 


the right atrium and ventricle superior 


ventricle, atrium are adjacent 


Clinically, an imperforated congenital 


aortic sinus may be suspected when there 


is a harsh systolic murmur in the aorti 


area in patients with coarctation of the 
aorta, arachnodactyly, 


Vortn 


gurgitation may also be present. The 


DI pseudocoarctation 
diastolic murmurs due to aortic re 
defini 
tive diagnosis of an imperforated aortic 
sinus aneurysm can be made by angiocardi 


1OA, B) 


ruptured aortic sinus aneurysms has 


ography (lig Surgical repair of 
been 
attempted in three instances.*° Even though 


surgical repair has not as yet saved lives, 
attempts to correct the lesion must continue 
to be made 
Pseudocoarctation.—Congenital — kinking 
of the aortic arch just distal to the origin of 
simulate a 
Indeed the 
(Fig 10A, B) 


g 
may duplicate the findings seen in coarcta 


The differentiation 


the left subclavian artery may 


superior mediastinal tumor 


angiocardiographic studies 
tion of the aorta from 
1 true coarctation ce pe nds upon the absence 
of arterial collaterals and normal lower ex 
tremity blood pressures.** 

Patent Ductus 
of Shunt The 


ductus arteriosus is 


with Rei 


patent 


Arteriosus ersal 
ordinary case of 
easily recognized by 


the characteristic machinery murmur. An 


Fig. 10 


pseudocoarctatior l ’fy-ye% 


Congenital aortic sinus aneury 
frontal angioc: 


tion of aorth SInlus¢ (art 


pseudocoarctation (arrow). JB 
irdiogram reveals the 
the aortic sinuses 
irtery. Note the point of pseudo 
row) and the poststenotic dilatatio 
cending aorta. Reproduced with pert 
British Heart Journal, Brit 
Association. ) 


aneur 


irrow poiit t 


Steinberg,” 


giocardiography and cardiac catheterization 


are usually unnecessary to make the diag 


nosis lf no compli ition like pulmonary 





hypertension or cardiac failure intervenes, 
surgical correction can be postponed until 
the age of & years. The development of 
reversal of blood flow due to severe pulmo 
nary hypertension, however, is a serious 
complication, and its recognition is impor 
tant.47,_ Angiocardiography has played a sig 
nificant role in the recognition of the newly 
recognized syndrome of patent ductus ar 
teriosus with reversal of shunt. Reversal 
of blood flow in a patent ductus arteriosus 


should be 


characteristic machinery murmur is altered 


suspected clinically when the 
and there is cyanosis and clubbing of the 
toes without similar changes in the fingers. 
This striking clinical phenomenon is due to 
pulmonary hypertension greater than the 
systemic blood pressure, producing reversal 
of the blood flow through the ductus, which 
is inserted distal to the origin of the left 
subclavian artery. The presence of unoxy 
genated blood in the descending aorta is 
responsible for the cyanosis and clubbing 
of the toes 

Figure 11 is the angiocardiogram of an 
infant who had the classical clinical signs 

Fig. 11 


Frontal angiocardiogram of a 4 


month-old infant with classical cyanosis of lower 
trunk and extremities. Arrow points to ductus; 
note opacification of descending aorta (arrow), a 
pathognomonic sign of a reversed ductus arterio 


Sus 
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of a reversed ductus. In addition, there was 
an enlarged left ventricle and aortic stenosis. 
Ligation of the ductus resulted in disappear 
ance of the lower extremity cyanosis, but 
sudden death occurred 72 hours later. At 
ventricle 


necropsy fibroelastosis of the left 


and aortic stenosis was found 


Comment 


pacification of the thoracic aorta (bigs 
1 to 10) by 


giocardiography has proved amply satisfac 


the intravenous method of an 


for diagnosis of almost all aortic 


Rarely, wh 


tory 
disorders ven differentiation be 


tween an aortic septal defect and patent 
ductus arteriosus cannot be made by cardiac 
catheterization, injections of contrast mate 
rial via a catheter that has been placed into 
the root of the aorta is necessary.** If the 
contrast material is seen to pass into the 
main pulmonary artery, the diagnosis of a 
septal defect can be made, whereas if the 
left pulmonary artery is opacified at a point 
left 


artery the lesion is a patent ductus arteri 


beyond the origin of the subclavian 


osus. lor the diagnosis of subaortic steno 


sis, aortography via a catheter may 


occasionally be indicated.*® Many unpleas 


ant complications and even deaths have been 


reported after direct aortography, especially 


when highly concentrated contrast materials 


were used, 


Poor aortic opacification may occur in 


the patient in heart failure who has large 


dilated cardiac chambers and/or aortic re 


gurgitation. ven in such circumstances, 


preliminary estimation of the circulation 


time with dehydrocholic acid (Decholin) 


and the making of serial exposures at the 
time of maximal aortic opacification will 
yield satisfactory studies 

Many of the failures to visualize the 
method 


lac k of 
details. In 


cardiovascular structures with the 


of angiocardiography are due to 
attention to a few physiologi 
order to opacify the blood it is essential to 
add_ the 


therefore, necessary to use large-bore can 


The 


contrast material rapidly. It is, 


nulas and syringes patient must be 
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instructed to avoid unconscious performance 
of the Valsalva maneuver, which shuts oft 
blood flow into the superior vena cava and 
dissipate the contrast material into’ the 
collateral veins.*! In some instances, undue 
elevation of the arm may exaggerate the 
physiologic point of constriction of the sub 
clavian vein and prevent the entrance of the 
contrast material 

ligures 428 and 11 illustrate another ad 
vantage of angiocardiography over direct 
1ortic opacification. In addition to outlining 
the vwcular aneurysm of the aorta (big 
14), serial study of the entire cardiovascu 
lar system also permitted the demonstration 
of stenosis of the left pulmonary artery 
(lig. 48). Similarly, Figure 11 shows re 
versal of blood flow through a patent ductus 
arteriosus from the left pulmonary artery 
direct aortography would have demonstrated 
only the route through the patent ductus 
arteriosus 

lor all these good and sufficient reasons 
but chiefly because general anesthesia is un 
necessary, the dangers inherent in chambet 
and great vessel puncture are avoided, and 
study of the entire cardiovascular system 1s 
secured, angiocardiography is preferred for 
visualization of the thoracic aorta 


25 East O&th St. (21) 


DISCUSSION 


Dr. Jere W. Lorp Jr., New York: Not onl 
have I enjoyed Dr. Steinberg’s paper immensely 
but I think all of us are very grateful and in 
debted to him and Dr. Robb for their pioneer work 
in the late thirties in making angiocardiography 
possible 

I should like to mention two points. In February 
of this year a patient was referred to us with the 
diagnosis of an ascending aortic aneurysm, made 
by a competent roentgenologist I thought it 
would be wise to have it documented, and so Dr 
Steinberg carried out an angiocardiogram, which 
indicated a mediastinal tumor 

The patient was bull-necked, and it was impos 
sible to feel any goiter, but on exploration of the 
cervical area we found an intrathoracic goiter, 
which was removed without great difficulty and 
without opening the thorax, although preparation 
had been made to do so, if necessary 

Dr. Hinton, in discussing Dr. Steinberg’s paper 
in New York, said that bleeding from a mediastinal 


goiter 
had b 


wa ! 


urd 
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Effects of Intra-Arterial Injection of lodine Contrast 


Media on the Kidney of the Dog 


HARRY S. THOMSON, M.D.; GEORGE MARGOLIS, M.D.; 


TAYLOR, Ph.D., Durham, N. C. 


The literature pertaining to the develop 
ment of aortography and to the occasional 
occurrence of serious injury of the spinal 
cord, mesenteric circulation, or kidneys has 
been referred to in previous reports from 
and has been reviewed 


McAfee Willson.* 


Many authors emphasize the potential tox 


our laboratories !7 


more recently by and 
ity of contrast media to the kidney and the 
spinal cord. Our first report described an 
experimental method for producing injury 
of the spinal cord in dogs and compared the 
toxicity of two contrast media. Studies have 
continued in dogs in an attempt to standard 
ize a similar technique for producing injury 


of a kidney. Idbohrn and Berg * have in 
vestigated injury of the rabbit’s kidney by 
injection of media 


intra-arterial contrast 


and have reviewed earlier literature on ex 
perimental renal injury 

In our first study two contrast media were 
rokon So 


In the 


with 


compared, sodium acetrizoate (I 


dium) and iodopyracet ( Diodrast ) 
present study these 


two, togethe r 


diatrizoate (Hypaque) sodium and sodium 
( Miokon 


[wo concentrations of each contrast 


and 70% 


diprotrizoate Sodium) are com 
pare d 


medium have been used, 50% 


Submitted tor publication 1), 1956 
From the Departments of 
ind Biochemistr Duke Univ 
Medicine 
Acetrizoat diprotri 
Mallinckros ; 
Meetu 
the Internatior 


| ure 9 19 wn) 


KEITH S. GRIMSON, M.D., and HAYWOOD MA. 


Phe iodine 
65 So, : 


content of 
498% 


iwcetrizoate 18 


iodopyracet diatrizoate 


59.9, and diprotrizoate 57.3% \ com 


parison of the roentgen-opacity of a 50% 


solution of each of the contrast media ts 


Small te 


S¢ parated by lead 


illustrated in Figure 1 st tubes of 


identical diameter trips 


were placed upright before a bucky dia 


phragm and cassette, 84 cm, from. the 


roentgen ray generator. [exposures were 
made for one second at 85. x) 7(). Ov), 50, 
10, and 30 kv. Maximum 


found at 50, 60, and 70 ky 


contrast was 
\cetrizoate was 


the most opaque; diatrizoate, diprotrizoate, 


an? iodopyracet followed in the order of 


their iodine content The difference of 


opacity was consistent, whereas it gen 


erally noted during clinical aortography or 
arteriography and in our animal experi 
ments using the four agents that opacity of 


widely. Ace 


best 


the visualized arteries varie 


trizoate ordinarily produced the and 


most consistent visualization. An explana 


t 


tion for this variability and for the reported 


variations of toxicity has been sought 


experiments have been of three 
he first tested the 


intra-aorti 


type 
immediate effects of 
injection of a contrast medium 
Injections were made at the level of the renal 
I’ ffects d by 


tration ot 


arteries were determin 


acute 
experiments, with continuous reg 


systemic blood pressure and of the volume 


of one kidney by use of a renal oncomet 


The second determined late effects of int 
directed 


puncture in if 


irterial injection The agent wa 


nto one kidney through a 


Values for 


gen and nonprotein nitrogen 


renal artery blood urea nitro 


were obt i ned 


at intervals up to 21 day 


third 


following the tn 


jection Phe experiment t ted the 


9 





effect Of position of gravity Che medium 


was injected into the midthoracic aorta with 


the dog placed on its side. Roentgenograms 


were obtained to demonstrate superior oO1 


inferior distribution of the contrast media 


Hh topathological tudies of both kidneys ot 


each dog used in the experiments were pet 


formed by one of us (G. M.) The ex 


perimental observations will be presented 


first, and the hi topathological studies, last 


Experimental Results 


mographie » tudtes Twelve adult 


1. Pleth 


logs weighing 7 and 14 ky. were anesthetized 


with pentobarbital sodium, mye/ke Systemic 


blood pressure was obtained by a cannula in the 


left femoral artery connected with a mercury 


manometer recording on kymograph paper The 


right femoral artery was exposed, and a midline 


laparoton incision was made The renal on 


cometer was then placed about the left kidney 


without ob tructiny the arteri veins, or nerve 


at the within the oncometer 


pedicle The space 


was filled with a solution of saline contaiming 50 


my. of heparin in each 50 ce. to prevent clotting 


knough of this solution was used to fill the on 


cometer without filling its side-arm or the tubing 


which connected to the recording piston 
filled 


Chis part 


of the system was with air The writing 


arm from the piston registered continuously on 


paper 


pressure 


ibove the record of the 


A No 


the kymograph 


systemic blood 16 polyethylene 


*It had been previou ly observed’ that dogs 


receiving intra-aortic injections in the supine po 


sition were susceptible to cord injury and those in 


the prone position were not 
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Fig l 


grams at 50 ky 


Roentgeno 

(A) 

and 70 kv. (B) illustrate 

the difference of roent 

gen-opacity of four test 
1! | 


tub filled with a O% 


solution ot acetrizoate 


(1) diatrizoate 
diprotrizoate 4) 


1odop racet +) 


itheter wa ther introduced 


noral artery upward into the until its tip 


lay at the level of origin of the renal arters 


Kesponsiveness of the plethysmograph was de 


termined by intravenous injection of epinephrine, 


ly/kg. Since these dogs were in a supine position 
would otherwise occur, 0.3 


( Anectine ) 


Injec tions 


and spinal convulsion 


my ky ot succinyl choline chloride 


then administered intravenously 


of succinylcholine chloride were repeated at 


intervals of 30 to 40 minutes throughout the ex- 


periment. Respiration was maintained by an endo- 


trachial catheter connected to a Palmer pump 


rhe test contrast medium was then injected rapidly 


through the polyethylene catheter, with 


maximum manual force on a 25 or 50 ec 


syringe Time of injection varied from two 


five seconds rhe first injection was 5 «x lor 


acetrizoate and 10 cc. for the other three contrast 


media. At 30- to 40-minute intervals, successively 


increasing volumes of medium were injected until 


reactivity of the kidney ceased or the animal died 


rhe concentration of the medium employed was 
70% for acetrizoate and todopyracet and 50% tor 
diatrizoate and Pypical 


diprotrizoate.4 responses 


of blood pressure and renal volume for each of the 
illustrated in 2 
(70% ): The 


the kidney following the intravenous injec 


four drugs are Figure 


Acetrizoate constriction of 


tion of epinephrine in three dogs averaged 


25 cc., and the increase of blood pressure 


l 
32 mm. Hg 


t These were the maximum concentration 


furnished initially. Subsequently more concentrated 
solutions were supplied and these were mixed in 
later experiments to provide the 70% and 50% 


solutions of each agent 
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t20cc. OF 70% _ | 1Occ. OF 70%t 





HYPAQUE | MIOKON 


to 


KIONEY 





604 BP 
20 


430 cc. OF 50% 4 30 ce OF 50% 








Fig. 2 Typical changes of volume of the kidne ind of blood pressure are presented 


Prompt reduction of volume of the kidney and of systemic blood pressure occurred wit! 
iodopyracet and acetrizoate lemporary passive dilatation of the kidney with increase of blood 
pressure occurred with diatrizoate and diprotrizoate. Pronounced responses occurred with 20 
cc. of the 70% iodopyracet, 10 ec. of the 70% acetrizoate, and 30 « of each of the 50% 
diatrizoate and diprotrizoate 


With an initial intra-aortic injection of 5 ceived additional injection With 20 cx 
cc. of acetrizoate there was a renal dilatation, the kidney actively constricted 2.5 ce. for 
0.5 cc., lasting one and one-half minutes in 18 minute lhe blood pressure rose 36 mm 
one dog. In two dogs a prompt or active for 1 minute and then dropped 38 mm. for 


later 25 ce ot 


constriction of 1 ce. occurred, lasting 5 10 minutes. A half hour 
minutes in one animal and 40 in the other acetrizoate was injected Prompt active 
In each of the three dogs the blood pressure — renal constriction and systemic hypotension 
was reduced promptly, the average being occurred, with partial recovery 20 minut 
52 mm. for 17 minutes lates Death occurred after an additional 
\ subsequent injection of IO) e& of 30 cc. of acetrizoate, associated with termi 
acetrizoate caused a prompt renal constri« nal constriction and hypotension. The other 
tion in each dog, averaging 0.8 cc. In two dog who survived the 10 ce. inje 
this was followed by a dilatation, for an not given additional acetrizoat nee its kid 
average time of 18 minutes. The constric ney went into a secondary constriction 16 
tion continued until the death of the third minutes afterward and never recovered 
dog In each dog the blood pressure fell toward a prope! recording. It 1s evident that 
promptly, an average of 50mm. This lasted the plethysmographic tracing of each of 
10 minutes in two dogs The third dog these three dogs was definitely abnormal 
died in hypotension 30 minutes after the after a total accumulated dose of cc. in 
injection. Of the two dogs who survived two and of 35 ce. in the third he blood 


the injection of 10 ce. of acetrizoate, one re pressure fell to shock levels afte > Ce tl 


1] 





one animal and 60 cc. in another but con 


tinued normal for two hours in the one dog 


given only 15 ce. of acetrizoate. 


lodopyracet (70% ): The constriction of 
the kidney following the epinephrine in three 


dogs averaged 1.7 cc., and the increase of 


blood pressure, 57 mm. Hg 


With the 


the contrast 


initial injection of 10 cc. of 


medium, a prompt or active 


constriction of the kidney occurred, aver 
for 80 seconds. 


aging 1.1 « This was fol 


lowed by moderate dilatation for an average 


duration of 17 minutes. The blood pressure 
was reduced promptly with the drug, the 
reduction averaging 60 mm. Hg. Thereafter 
the pressure recovered gradually; the aver 


age recovery time was six minutes. 


\ subsequent injection of 20 ce of 
iodopyracet caused a prompt renal constric 
1.7 cc. This 


by renal dilatation for two minutes 


followed 
Blood 


mm. for 


tion averaging was 


pressure fell an average of 50 


minutes, One animal then died in a 


The 


an injection of 30° c 


three 
convulsion remaining two were given 
constriction 


bloc «1 


recovery 


Renal 


averaged 1.1) c and reduction of 


pressure, 27 Dilatation and 
iwain 
Diatrizoate 


mii 
followed 
constriction of 


the kidney in three dogs after the epineph 


( 50% ) 


rine averaged 1.1 ce., and the increase of 
blood pressure, 59 mm. Hg 


With the 


diatrizoate there was a slight constriction of 


initial injection of 10 ce. of 


the kidney, averaging 0.25 cc. for 30 sec 


onds rhis was followed by a definite and 


partially passive dilatation of 1.3 ec., which 


continued 18 to 35 minutes to the time of 


the next injection, The blood pressure did 


not fall in any animal. It rose 20 and 32 


mm. for 90 seconds in two of the dogs and 


did not change in the third 


A subsequent injection of 20 cc. in each 


animal caused a prompt passive increase of 
averaging 0.7 cc. but lasting 


iI 
rice 


two and one-fourth 


renal volume 


only two minutes pressure rose an 
average of 60 mm, for 


With 


constriction, 


minutes a 30 ce. injection a transient 


renal averaging 0.4 ce., oc 


curred, and then a passive dilatation, aver 
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With 40 ce. 
was 0.3 cc. and the dilatation 1 c 
the 30 and 40 ce. 
of blood pressure was 80 and 64 mm. Hg 


the constriction 
With 


injections the increase 


aging 0.8 cc. 


Diprotrizoate (50%): The constriction of 
the kidney in three dogs after epinephrine 
averaged 0.9 cc., and the increase of blood 
pressure, 36 mm. Hg 


With the 


diprotrizoate a brief constriction of the kid 


initial injection of 10 of 
ney occurred, averaging 0.5 cc. for 30 se 
onds. This was followed by a definite di! 


The blo i 


constant, 


tation, 0.6 ce. for 13 minutes 


pressure remained remarkably 


there being no significant rise or fall 
A subsequent injection of 20 ce. of dipro 


trizoate in each animal caused a transient 


mild renal constriction of 0.5 c followed 


by moderate and partly passive dilatation 
Blood 
rose an 


With a 


transient 


averaging 0.7 cc., for 12 minutes, 
fall; 
for 12 minutes 
30 cc., a 


renal constriction again occurred. The sub 


pressure did not instead it 
average of 65 mm 


subsequent injection of 


sequent renal dilatation was definitely in 
creased, averaging 1.2 cc. With a 40 ec 
and 


With the 


increases ot 


injection the constriction was 0.8 ce. 
the dilatation averaged 0.8 cc. 
30 and 40 ec 
blood pressure were 93 and 101 mm, Hg 


injections the 


Histopathological examination of all kid 
neys at the end of each acute experiment 
revealed no recognizable changes 

B. Intra-Arterial Renal 


effects of injection of contrast media into the renal 


Injections.—The late 


arteries were studied in 32 recovery experiments 


The 32 dogs weighed 6.8 to 22.7 kg. Each was 


anesthetized with pentobarbital sodium, and_ the 


abdomen through a midline incision 


Dow 
Some variation of the arterial supply 


was opened 
to expose the aorta and the renal vessels 
were supine 
to the kidneys of the dogs was observed The 
side with the longest primary renal artery, fron 
the aorta to its first bifurcation, was selected for 
umbilical 


injection. An tape was passed beneatl 


the artery at the aorta. Traction or 
occluded the 


stabilized it \ 


the origin of 


the tape vessel momentarily and 


2l-gauge curved needle was in 


serted into the lumen, and the test contrast mediun 


was injected with moderate pressure. The tape 


was removed as soon as the injection had been 


completed, Finger pressure was used temporarily 


over the site of the needle puncture if necessary 
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Ihe abdomen was then closed, and the animals 


were allowed to recover and then kept under ob 


ervation 


Groups of four dogs each were injected witl 


0.33 cc/kg. of a 50% solution of eacl st agent 


and groups of four others, witl 
of each medium. Not counted among 
killed had 


intarction oO 


were 3 others who when 


of the renal artery and 
Phese 


esstul 


were discarded. The 32 anim 


were kept alive 


operations 
killed for 


At intervals 


and then autopsy 


from 1 to z lay blood ample 


were obtained for urea and nonprotein nitroget 


determinations, with use of a jugular vein needle 


puncture technique All chemical determination 
were made by one of us (H. M coo \t 


the injec ted 


autops) 


kidne was removed along with the 


normal or control kidney and the abdominal aorta 


ind renal were carefully w 


icall 


with thrombosi 


arteri \rteri 


pected for thrombus, grossly and histolog 


Nome 
} ad been 


were found, since the three 


discarded specimens tor histological 
examination were obtained from at least two areas 


Whenever an 
at the 


f each kidney abnormality 


visible, an area junction between nort 


sly abnormal cortex and medulla was 


elected 
were fixed in formol 
Mounted section 


hemotoxvlin ind eosin 


McManu 


lor the 
Zenker 


routinels 


ample. Specimens 


solution tained 


were 
with Selected 
were also stained wit! 


iaid-Schiff 


ection period 
method 

injection and au 
four dog 70% 
18, 18, and 29: for 50%, 14, 20, 21. 


”) 


The number of days between 


topsy for the receiving acetrizoate 


Was l, 


) 


for 70% iodopyracet, | ind 


&, 9, 16, and 16: for hatrize 
ind 22; for 50%, 5, 13, and 
diprotrizoate, 6, 6, 6, and 20, and 


aN al | 3 


Since the only dog killed 


howed a severe nephrosis and since 


f days for each of the g¢ oup was 


injected (6 days) Norma 


A 


nected (20 Joys) 


attempt 1S mac 
lesions in relation t i t t kalling 

Nonprotein and Urea Nitrogen Values 
had 


and 


' 


Only one dog, the one killed at one day 
in elevated N. PN 100 ex 
urea, 55 mg. per 100 c 


obtained from the 


, 81 mg. pet 
Blood 


31 other dogs il 


ples wer 
nterval 
days ng the 


between 2 and 21 


iection of one renal artery iwnihe: 
values were obtained Che range 


of values of N. P.N 


) 


elevated 
for the lual dogs 


was from 28 to 61 mg., and range for 


urea 
100 ce 


nitrogen was trom /.8 to 36 mg. pet 


lor each group of receiving 


the 70% solutions of the contrast 
media, the average ol alues tor PN 
were as follows: acetrizoat iodo 
+: chatrizoate 6 


100 « | 


olutions the i\ age 


pyracet, 


dipro 


$3 
42 


trizoate UO mg per groups 


receiving the 50% 


were as follows: acetrizoate, 50 odopyracet 


ywoate +6 } 


ind the 


and diprots 
LOO ex or urea 

injections the 
19.7 20.5, 16.2 and 18.2 mg per 


respective ly 


42; diatrizoate, 36.9, 


nitrogen 


mg. per 


7(\c 
40% averages were i fol 


le WSs 


LOO ex Although the urea 


nitrogen values for diatrizoate and dipro 


trizoate were a little lower than those for 


acetrizoate and iodopyracet, it is evident that 


there was no significant elevation, although 


the injected kidney of many of these animal 


vas extensively damaged 


Gross Ixamination: Notes were made at 


the time of autopsy, and photog: iph were 


obtained of the ventral surface ind of cro 


| 


ection of each ot kidnes Phese 


Norma 


B 





were used to estimate and compare the 


severity of damage The control kidney, 
which had not been injected, was grossly 
normal in each animal 

Of the 32 dogs, there were 4 with a de 
crease of size of the injected kidney to a 
size one-third less than that of the opposite 
or control kidney (Fig. 3B.) Two of these 
had been injected with 70% acetrizoate and 
50% One of the re 


two with acetrizoate. 


maining two dogs that received 70% acetri 


zoate exhibited several grayish brown areas 


and three smaller light gray scars on the 


ventral surface of the injected kidney. The 
other, the animal killed at one day, had a 
kidney which was swollen and dusky. One 
of the remaining two dogs who _ received 


had a 


patchy 


50% acetrizoate few scattered small 


gray-brown areas of injury pre 


dominantly on the ventral surface and the 


ventral half of the cross section of the kid 
The other exhibited no sig 


\ltogether, 


ney (lig 3A) 


nificant lesion seven of the 


eight dogs receiving acetrizoate exhibited 


abnormalities 


YTOSS 


Of the 


in the injected kidney 


four animals who received 70% 


iodopyracet, two had injected kidneys which 


the time of 


seemed normal at gross exam 


had a faded 
cortex Of the 


ination Two diffuse 


pale 


brown color of. the four 


who received 50% iodopyracet, one had no 
lwo had a diffuse pale brown 


half of the 


yro le ston 
cortex of 


faded 


color of the ventral 


the kidney, and one had a diffuse 


brown color of the entire cortex 


In contrast, not one of the four animals 


700% diatrizoate or of the four 


90% 


receiving 
animal diprotrizoate ex 
hibited 


mals receiving 500 diatrizoate, 


receiving 


any gross lesion, Of the four ani 
two had no 
gross lesions. Two had a homogeneous pale 


brown pallor of the cortex of the ventral 
half of the kidney. Of the 
70% diprotrizoate, three exhibited 


had 
fading of the 


four animals 
receiving 
( One 


no lesions a homogeneous pale 


brown color of the entire 
cortex 

The fading of color of only the cortex 
of the ventral half of the kidney, that half 


which was anterior with the dogs supine at 
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the time of the injection, is of interest. This 
occurred in 4 of the 28 dogs whose kidneys 
showed no significant decrease of size. This 
Also, 


one of the four dogs with a contracted kid 


phenomenon is evident in Figure 3A 


ney exhibited its most extensive cortical 


necrosis in the ventral or anterior half. It 
could not be determined whether this phe 
nomenon was caused by injection into an 
anterior division of the renal artery. 
Microscopic Examination: The type and 
The 


convoluted tubular epithelium appeared most 


extent of injury varied extensively, 


susceptible to the contrast media, but in 


the most severe lesions all renal elements 
were destroyed. In a few kidneys showing 
zonal involvement the border between the 
injured and the normal renal cortex was 
often abrupt. Occasionally the injury was 
focused on the tissue supplied by one branch 
of the 


kidney being spared. 


arterial tree, the remainder of the 

lor convenience of reporting, an arbi 
trary classification has been developed and 
Table 
light of the thirty-two injected kidneys ex 


the results are summarized in the 
hibited no lesion attributable to the contrast 
agent. These had been injected with dia 


trizoate or diprotrizoate. Twenty-four of 
the kidneys exhibited lesions attributable to 
These 


vided into four categories: 


the contrast media, lesions are di 
Cortical necrosis. This was a necrotizing 
ettect, 


merult as 


involving all tissue elements, glo 


well as tubules, affecting par 
ticularly the outer cortex but sometimes ex 
tending into the medulla 

Nephrosis, severe. This group showed an 
advanced tubular injury affecting all or vit 
tually all nephrons throughout the kidney 
or over the distribution of a major extra 
renal branch of the renal artery. 

Nephrosis, moderate. This group showed 


incomplete but quantitatively — significant 
tubular involvement throughout or over the 
distribution of a major branch of the renal 
artery. 

Nephrosis, slight. In these animals there 
was a mild focal tubular injury which was 


not quantitatively significant in extent. 
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Occurrenc f Renal Iniu wing Inject 
f Thirty 


Dog n 

Degree of injury 
Cortical necro 
Nephrosis, severe 
Nephrosis, moderate 


Nephro light 


‘ 


No lesions No renal lesion ittributabl 


to the contrast agent were obse1 


evident that acetrizoate produced the 
more severe injuries, also that 1odopyracet 
produced slightly less severe injuri leach 


of these two agents produced an injury in amount contrast mediur 


each injected kidney Lhere eemed to be nhyee ( . y was I i m tor 


‘eh 
ie 


in ul 


little difference of degree of injury in those ualization. The aorta wi ell visualized 


kidneys injected by diatrizoate or diprotri in’ three dogs injected with ace 


zoate, but the frequency of injury w : trizoat It w: visible but poorly outlined 


in the diprotrizoate in three of four dog 1 group 


ceiving 1odopyracet vat ind dipro 


re 
C. Posttionng During Inject 


four for each of the contrast media trizoate 


Intercostal and Lumbar Artert hilm 


in a lateral position, right side down 
into the midthoracic aorta and for lates 
Pentobarbital lium w , were carefully reviewed to see whether there 
WO: nts sul l i 1 ( é 
lhe amount of contrast medium v 3 was any difference in the filling of segmental 


f dog weight, and the solution w branches of the aorta which were directed 


Pie. 4.~Tvsleal sorts: upward by the lateral position as compared 


media injected with the dog on 1 | f with those which were directed downward 
pared. Acetrizoate best outlined 


Intercostal arteries were visualized in thre 
dependent intercostal and renal arterie 


ualized, were somewhat better filled , of the four dogs receiving acetrizoate lhe 


superior vessels the 


ol dependent irteri 


greater in two ot the three dog I he 
age number of arteri isualized 
on the upward side and 6 on the do 
ide. With iodopyracet the segmental 
were visualized in each dog 1] 
of the dependent one Wa 
the superior vessel Ihe 
ot arteru isualized wa 

inferiorly. With diatrizoat 
of the inferior arteri Wi: 
of the superior Phe 
arteru visualized was 4.2 
6 inferiorly. With diprotrizoate the b 
were not visualized in one dog 


remaining three, the density of 





e that of the superior \n 


arteries was visualized su 

inferiorly 
With the 

t medium 


could be 


acetrizoate 


periorly and 5.7 
Artert 


contra 


Renal minimum 


amount of used, one or 


both renal arteri seen only in five 


dogs, three with and two with 


diatrizoate. On the inferior side the pri 


mary renal artery could be seen in each of 


the five 
the five 


the prin iTy 


and its first branches in four of 


Qn the superior, or upper, side 


renal artery could be seen in 


only three of the five and the first branches 


in only one of the five 
It seemed evident, as the films were re 
that best 


With 1 exception, in all 16 dogs and 


iewed, acetrizoate visualized the 
aorta 
dependent intercostal 


for each agent. the 


arteries stood out more clearly but the num 
ber of arteries visualized inferiorly was only 
moderately greater than the number seen on 
\ somewhat greater differ 


those 


the upward side 


ence occurred in aortograms which 


visualized the renal arteries and branches 


the «le yx ndent 


difference was in favor of filling of 


arteries, This tendency to 
favor dependent filling could be an effect of 
gravity. Also it might be caused by stream 


ing, since the needle injecting the contrast 
agent was directed downward 
Histopathological studies of each kidney 
were obtained in 16 of the dogs. There was 
no abnormality of either kidney attributable 
to the Only 


demonstrated in 


contrast medium in 15 one, 


acetrizoate-injected dog, 


jury. There was a slight nephrosis of the 


upper kidney and a severe nephrosis of the 


dependent one at the time of autopsy, four 


days after the injection 


Comment 


It is well established that opacity of con 


1 


trast media to roentgen ray penetration 


parallels iodine content, as illustrated in Fig 


ure 1, Clinically and in our experiments 


there seems to be a greater variability of 


quality of visualization and of toxicity be 


tween the four contrast media studied than 
would be expected by the difference of iodine 


content alone. The medium with the greatest 
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iodine content, acetrizoate, and the one with 
the lowest, iodopyracet, produced the most 
renal injuries 


severe Diatrizoate and dipro 


trizoate with iodine concentrations ap 


proaching acetrizoate produced — inferior 
visualization of the aorta and least injury 
Hemodynamic effects of the contrast media 
suggest an explanation of these differences 


The 


aorta is a major factor in determining the 


rate of flow of blood through the 


amount of dilution of a contrast medium 


during and immediately after injection. Par 
tial or complete obstruction of a diseased 
aorta of a patient, beyond the site of injec 
would increase resistance and lessen 


blood This 


lution of the medium at the 


tion, 


flow of would decrease di 
moment of 
injection, With the aorta normally patent 


animals, a similar slow 


ble 0d 
occur if the 


in patients or 


ing of the flow of and decrease 


of dilution would con 


trast medium caused vasoconstriction beyond 
the site of injection or if it had a systemi: 
effect which reduced blood pressure. Shaw 

used toe plethysmography in patients receiv 
ing iodopyracet and acetrizoate for femoral 
and demonstrated 


arteriography vasocon 


striction followed in a few minutes by a 


vasodilatation. Concentration and volume of 


the agent as well as pressure, time, and 


site of injection are other variables effecting 
intra-aortic dilution. These were kept 
reasonably constant in our experiments. 
The plethysmographic studies indicate that 
acetrizoate and iodopyracet in the concen 
trations employed and 


pre duced prompt 


volume of the kidney 
the 
moment they reduced systemic blood pres 


These should 


the rate of flow in the abdominal 


active decrease of 


or renal vasoconstriction. At same 


sure two immediate effects 
at crease 
aorta and decrease the dilution of the con 
trast medium, The increase of opacity and 
inprovement of visualization and the high 
incidence of damage to the kidney observed 
in the experiments could be explained on 
the basis of a relatively greater concentra 
tion of the medium. In contrast, the pleth 


ysmographic studies with diatrizoate and 


diprotrizoate indicate a prompt and to some 
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extent passive dilatation of the kidney with 


an increase of systemic blood pressure at 
relatively 


detail of 


injection Che 
and _ the 


the moment of 


lower toxicity poorer 


visualization in spite of high iodine content, 


observed with these two agents, could be 


explained by the resulting increase of flow 


and of dilution within the aorta. The sub 


sequent dilatation or final constriction and 


loss of reactivity of the kidney in_ the 


acetrizoate and iodopyracet experiments 


seemed to be a result of injury 


hese observations suggest the possibility 


that flow of blood in the aorta could be 


slowed by the intra-aortic injection of a 


vasoconstrictor drug prior to the injection 


of a contrast medium, or by the systemic 
administration of a drug which would cause 
hypotension, so that a smaller volume of 
the contrast medium might produce adequat 
visualization. [:xploration of this possibility 


is the next step in the series of studies of 
contrast media. 
Our observation! that dogs in the prone 
position are much less susceptible to cord 
injury during aortography than dogs in the 
supine position led to the further study of 
the relationship of position to distribution 
and with use 


of contrast medium 


lateral 


Injury, 
dog Phe 
selected 


oft a position for the 


amount of each contrast medium 
for these experiments was small, 0.3 cc/kg 
better 


downward 


This permitted a comparison of the 


upward or distribution of the 


contrast medium in branches of the aorta 


ind observation of the relative opacity to 


roentgen ray penetration. The — studies 


showed a definite tendency for the de 


and visualize better 


\] , the 


that developed renal injury had more dam 


pendent vessels to fill 


than the superior ones only dog 


age in the dependent kidney than in_ the 


upper kidney 


For the time being, use of acetrizoate 


and iodopyracet in patients for aortography 


has been abandoned Lise for femoral 


irteriography continues. Our experiments 


have not definitely determined whether or 


obse1 ed ! 
] 


agents themselves 


not the difference in toxicity 


inherent in the contrast 


Chey 


may 


suggest that some of the difference 


be related to inadequate dilution in th 
aorta and in tissues because of hemodynami 
changes causing vasoconstriction in the vas 
cular bed supplied by the aorta below the 
site of injection or systemic hypotension and 
thus decreasing flow and causing inadequat 


blood Also, the 


did not definitely determine whether or not 


dilution by experiments 


the concentration of iodine in the medium 
is itself the 


Neverthe less, 


with the lowest iodine content, iodopyracet 


factor determining toxicity 


it is significant that the drug 


was high in relative toxicity The tech 


niques for production of spinal cord injury 
previously reported and those for renal in 
jury now reported are applicable to further 


study of contrast media 


Summary and Conclusions 


A. technique 


for production of renal in 
jury in dogs by injection of contrast media 
and a method of comparing these media are 
deseribed 


| ndet the conditions ot the experiments 


acetrizoate and iodopyracet have proved 


’ 


most injurious; diatrizoate and diprotrizoate 


least injurious 


\ reduction of vstemic blood pressure 


and a constriction of renal volume om 


curring at the moment of injection are 


hemodynamic changes associated with great 


est renal injury \ prompt increase of 


pressure and dilatation of the kidney are 


associated with least injury 


Duke Universi School. of 





nt reduction of injection pressure 


marked lowering of the incidence ot} 


orms of renal failure we had encount 


also adopted the prac ot injecting 


{ 


renal artery take-off whenever thi 


L'nfortunatel injection proximal to 


usually necessary for accurate diagno 


obstruction involves the aorta itself 


0 aortowrams where injections were 


the renal arters onl one 


temporal reduction in PSP excretion 


procedure ive other howe ver, howed 


of creatinine clearance for periods var} 


\A 


one weel two month We believe 


latter stud of more value in determin 

ire suitable for subse 

ition tpone later urgical 
until tl creatinine clearance 

turned to normal 


Dr. M. | 


presentation 


DeBakey, Houston, Texa 


concerned with aortography 


nornimny, | think, have emphasized the importance 


ind significance of this procedure 


First, it has, of course, been of definite impor 


Intormation 
block and 


absence of a patent vessel below 


tance in terms of providing precise 


regarding the nature and location of the 
the presetice o1 
the block in oeclusive 


arterial disease Phus, from 


gical standpomt it is a very useful procedure 
not, however, without danger 


ind death 


a procedure 


have been recorded with sufficient 


frequency to make it extremely important to re 


consider its indications and clinical usefulness 


Krom our experience with its use in occlusive 


been presented by Dr 


disease, some of which has 


Couves, along with the experimental observation 


that have been made, we have become convinced 


that it should be used only when it is not possible 


to obtain the information by any other means 


In the evaluation of patients with occlusive 


chisease of the aorta, and particularly in the typr al 


Leriche ndrome, the pattern of the disease, a 


found by operation, is fairly well defined in most 


it these case and aortography Is unnecessary 
with complete absence 


sumed that the 


In a patient, for example, 
1 both femoral pulses, it can be a 
bloel 1 ibove that level ind probably is in the 


Under 


almost invariably localized 


common ihac artert these ci 


the block 1 


irteri 


torta of 
cumstances, 
leve 4 either the femoral 


This has 


majority Of ap 


ind the below thi 


or popliteal arteries, are patent been 


true im the 
180 cases 


found to be great 


proximately of this type in which opera 


tion ha been performed Accordingly, we now 


lo not use aortography in such cases. On the other 


hand, in patients with manifestations of incomplete 
occlusion, the occlusive likely to 


process is more 


he diffuse and aortography is indicated in order to 


define precisely the nature and extent of the block 
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Dr. ¢ M. Couvi 


interested 


I ngland We, too, 


for some time in the renal 


London, 
Have been 
effects of Urokon, both in the experimental anima 


and in man. During the past four years we have 
approximately 550) 


have had 1X 


performed aortograms. We 


erious renal complications, three of 


which ended fatall 


In humans, our studies | isisted of inuli 


and PAH clearance 


studs glomerular filtr: 


ion rate and renal 4 hefore translumbar 


aortogran are carried ious dh 


vals afterward hav this now on 22 
where occurred 
tuche ave tried to relate 

present, o1 
othe 
[Slide] Thi 


occlusion present 


factors 

relate 
Strangel where 
nearly ‘ 


small, Thi 


clan ping the aort 


the aorta was completely ox 


the number showing damage 
is in contrast to the dog, whe 
to lead 10O 


helow the renals before injection seen 


renal damage in high percentage of case 
|Slide] This is a 


injected 24 ce. of Urokon into the right 


patient in whom we inad 


vertantly 
which 3 


arter\ Phi s the visualization 


You can see the 


renal 


received needle in the orifice 
of the right renal artery 


[Slide] This 


carried out for 48 


renal function studies 


You can see that the 


shows the 
hours 


function is virtually wiped out on this side. We 


have not carried out further studies, but we have 


every reason to believe there has been irreparable 
damage here 
[Slide] This relates the 
rhis has 
‘| hose 


are overwhelmingly in the 


damage to the size of 


dosage been our most important ol 


servation patients showing renal damage 


group receiving the 


larger dosage 


Dismissing the factors of preexisting renal dis 


ease and inadvertant renal artery injection, we 


really feel at this time that the single factor 1 


determining whether a patient will get renal dam 
lumbar aortography 1 the dose 


kidney 


(GRIMSON 


age following 
delivered to the 
Durham, N. ¢ As you 


studies have been directed toward test 


Dr. Kerru S 
know, our 


ing and development ot sater agents for use as 


contrast media. The first report dealt with mecl 


spinal cord; this one deals 


anisms of injury of the 


with renal injury. I do not believe that we car 


safe, or another 
there 


state at this time that one agent is 
Also, tor 


should not yet be an announced condemnation ¢ 


not as safe several reasons, 
I can tell you, however, that we 


than 


a specif drug 


are now more interested in drugs other 


acetrizoate or 
I should like to thank Dr 


cussion and emphasis on creatine 


iodopyracet 
Wylie for 


clearance 


his dis 


Renal 





INTRA-ARTERIAL CONTRAST MEDIA 


function should be carefully reevaluated atter vascular examination. | 


in 


aortography Probably sore deatl 


considered DeBakey emphasize that should 


operative mortalities have instead occurred where aortography in a patient only when specifical 
sortography has been followed within a day or 
two by surgery and were caused by postoperative 
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uremia An interval of several day should be 


| 


iliowed between aortography and 


operation und l. Tarazi, A. K.; Margoli 
reexamined KS Spinal Cord Lesion |? 
empha ized that rapl Dows 4 M.A Arcl 


pressure and volume are important We preter 1956 


to think more in terms ¢ 


renal function should be carefull 


Dr. Wylie and Dr. Couves 


of dilution within the > Margolis, G.: 1 


arazi, A rimsot 
aorta This is the site at which the elected kK Contrast Medium Iniury to tl Spina 
ume injected may remain too concentrated because 


Pathologic Anatomy of the Experimental 


presented betore the Harvey Cushing So 
flows witl 1 May 20, 1955; |. Neurosurg 


ot inadequate dilution. The contrast medium must 


dilute in the aorta adequately before 1t to be published 
the arterial blood to the kidney or the spinal cord 3 McAfee, (;., and Willson, |. K. [ \ 


on posture Cre Review of the ¢ omplications « 


aortogram with a \ortography, Am. | 


patient lying on his back. Present evidence is that } 


Another safeguard is emphasis ~ Translumbar 
would not want to perform an Roentgenol, 75 :956-970, 1956 
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spinal cord f the Rabbit’s Kidney to Contrast Media 
| want to agree with Dr. DeBakey. Not 


this would increase the hazard to the 
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years ago there was a general feeling that 1f one 


had only one thing to look at in a patient one ». Shaw, R. S.: \ 


Vascular Responses to Intra 
would want to see an aortogran his has prob Arterial Diodrast and Urokon During Arterios 
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A Comparison of Heparin and Bishydroxycoumarin 


(Dicumarol) as Anticoagulants 


Re sistance to Tissue 


Thromboplastin 


RICHARD WARREN, M.D., Boston, and JOHN 5S. BELKO, M.S., West Roxbury, Mass. 


I. Introduction 


Heparin and bishydroxycoumarin (Dicu 


marol) have been available for clinical use 


The 


always 


as anticoagulants for about 1&8 years 


choice as to which to use has not 


heen easy. In instances where anticoagulant 


effect is immediately needed or in which it 


is required tor a few days (less than four) 
the 
appearance and quick disappearance 


of its effect 


only, heparin is the choice because of 
early 
If a long-term effect is needed 
over a matter of weeks, bishydroxycou 
similar 
of the di 
the 
parenteral injection and expenss 


I he 


when the 


marin, or a drug. with action, 1s 


videly used because sadvantages of 


heparin with respect to necessity of 


decision as to which drug to employ 


duration of therapy is to be a 


matter of one or two weeks, a situation 


which is common in the therapy of thrombo 


embolism, 1s not he drug se 


lected ha 


the physician ha 


so simple 


generally been that with which 


had the greatest exper 


eres 
eems to act as an antithrombin, 


Heparin 


in antiprothrombin, and an inhibitor of 


platelet) agglutination !; bishydroxycouma 
an inhibitor of prothrombin * and of 


Vil formation. Al 


rill, a 


leactor ( proconvertin )® 
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though the exact mechanisms which initiate 
intravascular coagulation are not known and 
may be various, an alteration in some aspect 
of the thromboplastin mechanism seems the 
the blood 


vessel lining, in peripheral platelet concen 


probable. Alterations in 


most 


trations, or in amounts of circulating throm 
‘ the 


boplastin have been factors most 


frequently suspected 
work the two 


experimental comparing 


not been abundant 
Shumacker,” the 
technique of traumatization or sclerosing of 
found little dif 
Much diffi 


maintaining 


types of drug has 


Kiesewetter and using 
veins and arteries in dogs, 
ference between the two drugs 
was 


culty experienced — in 


constant levels of anticoagulant effect in 


their animals. Wessler was able to demon 
strate that heparin delayed coagulation in 
the clamped jugular vein of dogs to a sig 
nificant extent, whereas bishydroxycoumarin 
in doses which decreased the prothrombin 
10% did 


Brown and MacMillan? in a clinical study 


vercentage below not do so.® 
| g 


found that the two types of drug were about 
equally effective in preventing, or not pre 
thrombosis. Although — the 


venting, pro 


thrombin levels (one-stage prothrombin 
test) were generally between 10% and 30%, 
they often found levels below 10%. Dosages 
of the bishydroxycoumarin type of drugs 


They 


hemorrhagic complica 


used are not mentioned found a 
higher incidence of 
tions and considerable difficulties with pain 
after injection in the heparin group. It is 
to be noted, however, that heparin was given 
(15,000 units) in 1.5 


cc. of fluid intramuscularly every 12 hours, 


in doses of 150 mg 


a method which gives a marked effect early 





HEPARIN AND BISHYDROX YCOUMARIN 


and a lack of effect during the later part of 


he period ind creates local hematomas 
The 


onstrated that the bishydroxycoumarin type 


experimental work which has dem 


if drugs can prevent intravascular thrombo 


sis has of necessity had to be done on ani 


mals all of whom have several times as 


8.9 


much prothrombin as man furthermore, 


the doses selected have given one-stag 


prothrombin times between 5 and 10 time 


normal, far above the “therapeutic” range 


for man 


It seemed, therefore that 


despite the 


objections which might be raised 


against 


in in vitro type of test, there was a plac 


for an investigation of the resistance to a 


common tissue thromboplastin of human 


bloods Illa le so-called 


hypocoaguable — to 


“therapeutic” levels either by heparin or by 


bishydroxycoumarin. Studies were, there 


fore, directed at heparinized bloods with 


coagulation times between 20 and 40 minute 


ind bloods with prothrombin ictivities of 


10% test. Studie 


to 30 by the one-stage te 


were performed both by whol blood coaygu 


lation time and plasma recalcification time 


II. Materials 
Humatr 


vith 09% sodium hloride 


cation was facilitated 


blender Waring model) 
with O8&5% 


luted odiun 


which 20% 


ately 5 ml. of 


veronal butter 
solution per grat 
t 


extraction 


? hours at 45 ¢ 


ance was used for the 


was lett standing for ifter whi 


it was centrifuged for 15 minute 


[he precipitate was discarded 


Hloidal 


responding to the dail 


solution frozen at 


being used it was thawed at 
ive a Quick's prothrombin time on n 


15 second When stored frozen 


ure below 7) ©, the extract ha 
months 
diluted 


following 


anged during many 


Thromboplastin was with 0.85 
loride 
1/15, 1/20, 
and 1/100 

sented by 0.1 ce i¢ suspensions 


pectively, 2.0, 1.5, & O 0.4, 0.33, 0.27 


solution in the strengtl 


1/2 1/40 1/50 1/60, 


Phe amounts of thromboplastin repre 


were res 


0.2 me. Because of the inability to 


degree of wetness of the original brain 


plastin, the above amounts would have 


nmihcance if an attempt were made to reproduce 


them by using another brain similarly prepare 


Since the same preparation was used throughout 


this howe 


work, comparisons 


onsidered valid 
B. Sodium oxalate, 0.1 M Anhydrous 


grade) sodium oxalate, 1344 gm, was 
in 100 ml. of purified (distilled) water 
Calcium chloride, 002 M Ant 
ide) calctum chloride 0.222 
100 mil 


distilled water 


inm.—Hepari sodium (TI 
ompany) 1000 U.S.P. unit (Oo 10 


entimeter wa used 


III. Procedures and Results 


\. The 


blood heparinized in 


resistance to thromboplastin of 


{ 


itro studied by the 


coagulation time was compared with that of 


blood of “dicumarolized” patients studied by 
the plasma recalcification time 

I. FI 

Heparin | 


ri edures 


‘ining 

‘ vere 
0.00 
ulded = 1 


0.004 0. 006 


end-point, gla 
time of clotting 
' 
coagulation time 
tine t 
+1] 
letermination 


h 0.004 me 


il normal 
ethod wa innute 
o 12 minute 
iwulation tu t 
13.8 minute +29 min.) 
eight letermination 
time with 0.005 1 heparin 


determination | in coagulation 


with 0.006 mg. heparin added wa 47 minute 


range 4 to mutes, of 


termina Thus evaluation of varying 


peut " levels f ) n was pos ible 
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Paste 1.—Effect of Thromboplastin on Whole Blood Heparinized in Vitro 
Coagulation Time 


Thromboplastin, Mg 
Heparin . 


My. /C« 0.33 0.4 


Mean Coaguiation Time, Min 


7041.1 ).O4-0.85 3.74-0.76 3.74+1.2 4.24+0.61 2.520.900 


0.004 12.042.2 


0,008 $1.444.1 24.04 1.6 10,142 10,.34-1.7 0.6 


0.008 7 4 419.546.6 43.54-2.0 


$2,542.54 7.8 7 9.0+1.0 


(b) Bishydroxycoumarin Experiment Po tube recalcification — time 18.3 minutes (+38 
ontaining the varying amounts of thromboplastin minutes) and a rang 11.5 to 26.0 minutes 


isted was added 0.1 cc. of oxalated plasma (0.5 Thirty tests on dicumarolized plasmas with 20% 


c, of O11 M_> potassium oxalate per 4.5 ce. of to 29.9% prothrombin activity gave a mean recal 
blood) The plasma was obtained from blood cification time of 16.5 minutes (+5.8 min.), with a 


drawn by strictly atraumatic venipuncture, the range of 11 to 30 minutes. The 


test plasmas were 
first-drawn 2 ce, of which were discarded and thie those of patients receiving bishydroxycoumarim 
remainder poured slowly into oxalate in a 15 for therapeutic reasons on which the degree of 
centrifuge tube. The tubes were stoppered, gently hypoprothrombinemia was measured by the one 
mixed, and centrifuged at an interval which varied stage prothrombin test of Quick,” for which 
between 15 minutes and 2 hours later at 1000 rpm commercial (Difco) rabbit brain thromboplastin 
for 15 minutes at 1 The plasma was then was used. In those experiments in which human 
pipetted off into a gla test tube, which served brain thromboplastin was added to the recaleifica 
7 the upply for the recalcification time test tion time system the thromboplastin was added 
which were then done within 15 minutes after just before the calcium. Although experiments 
centrifuging. The tests were done by adding ©.1 were made on dicumarolized plasma showing all 
ec, of 002 M calcium chloride to the tube con concentrations of prothrombin from 10% to 100%, 


taming the plasma, the temperature of which had plasmas which showed greater than 30% 


pre 
been equilibrated at 37 C in a water bath prior to thrombin concentration returned to normal recales 
the addition of the calcium. The clotting time of fication times on the addition of the smallest 


the plasma was measured by tilting the tube every amount of thromboplastin used, namely, 0.2 ms 


4) seconds, the tube being reimmersed in_ the All larger amounts of thromboplastin gave read 


water bath between tilting The first fibrin strand | 


ings below the lowest normal of 120 seconds, Only 
noted were taken as the end-poimt the results, therefore, on the plasmas with pre 
The method d, therefore, was the recaleifica thrombin concentrations below 30% are reported 


2. Results 


tion tine as i test which has been em 
ployed to assay i¢ identical factors which affect 
the whole blood coagulation time On 18 duplicate \@) Heparin Fable 1 shows the results 
46 total) observations on normals, the test showed of the experiments using he parin Phe 0.004 

a range of 2.0 to 2.6 minutes (120 to 1600 seconds), mg heparin blood (coagulation time 13.8 

a me ORteemse £0.25) minutes or 135 nin’) was reduced to a normal coagulation 
+ ) 


> ) ’ S 
Iwelve tests on dicumarolized plasmas showing time by 0.2 mg. ol thrombopla tin (the 


10 to 199% prothrombin activity gave a mean least amount added in any of the mixtures ) 


PABLI Effect of Thromboplastin on Oxalated Plasma from Dicumarolized Blood 
Recalctfication Time 


Thromboplastin, Mg 
Prothrombin “ 
% 2 27 0.33 04 
Mean Kecalcification Time, 
133+ 1 ) 104-3.8 4{R+34.2 
rane 
120-100 


WO + S45 160-441 


LOWS 4+ 228 22442 
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COAGULATION 








(sec) 


RECALCIFICATION TIME 


I:ffect of thromboplastin 
vitre Method of coagulati 


! 


trolized bloods 


time 31 


0.005 mg. heparin blood (coagulation 


min.) was reduced to normal by an 


umount of thromboplastin between 0.33 mg 
0.4 
umount between O.8 and 2.0 mg 


Phe 
time 17 


ind and to below normal by an 


My 


0.006 mg. heparin blood (coagulation 


minutes) was reduced to normal 


amount of thrombo 


QO mys 


coagulation time by an 
plastin between O.8 and 2 
(hb) Bishydroxyeoumarin 


the 


droxyveoumarin 


results of the experiment 
The 20% to 


thrombin plasmas were 


29.9% 


pro 


reduced to normal 


recalcification time by addition of between 


0.2 and 0.27 of thromboplastin and to 
0.4 


10% to 19.9% prothrombin plasn i 


mg 


below normal by 


he 


were 


meg 


rmmount ot 
0) } my 


reduced to normal by an 


> 


thromboplastin between 0.33) and 


} 


ind to below normal by amount between 


0.8 and 2.0 mg 


Chart 1 


in 


diagrammatically the 
the 


droxycoumarin experiment 


shows 


parative results of heparin ind 


, 


+S. Comment 


Blood which 


prothrombin 


Was di uli irol Ze" 


ot between 10% 19.9% 


scemed to the sare resi to 


blow «l 


tance 
had 


ie oT 


have 
been 


30 


thromboplastin which 


coagulation. ft 


heparinized to a 


OICUMAROUZED BLOOD 
= = § (0-\9. 9% PROTHROMBIN 


Sre® 20.29. 9% PROTHROMBIN 


icumarolizec 


Blood which had been he pa 
1() 


minutes 


to a coagulation time ot about 


was in thromboplastin re 


Blood 


uperio! 
to the iforementioned blood 
had a 


of he parin ot 


coagulation time undet 
14 
thromboplastin 
blood 


20% 


ibout minutes wa 


resistant to ind 


respect: wa imilar to 


to a level of between and 29,94 
thrombin 
Bb. The re 


blood of heparinized patient 


istance to. thrombopla 
tudied 


, 
coagulation time was compared 


blood ol dic uMmaroiizZe ad 


patient 


he pla ma recaletheation time 


Procedures 


Heparin [xperime 


betwee 
heparin wa vive! 


Blood 


» | 


mtraver 


were drawn between 


our after the mnjection ¢ 
tirne 


crice 


Results 
Table 3 


( oagulation 


demonstrat 
time Ww: 


normal coagulation tim p 





di uniat 


with 


minute 


thes 
wh ( h 
fluences 
poorly 
Nn th 
| 


olized 


¢ pro 


tin of 
by the 
that 


tucied 


reignite 


effect of 


by the 


thrombopla tin 


iddition§ of 
until after 


thromboplastin had been 


initial oagulation — time 


the coagulation time 


0.4 


pla tin had been added 


rypinpurle 


normal by the time mg 


> Comment 


to bo noted that 


the curve representing the 


nitial coagulation times oft 


ha 


ryianvute 


ind it 


5] 


mye a ok 
howed a 
THROMBO- 

PLASTIN 


(mgm) 
50 


25 


~ 
° 


COAGULATION TIME 


sec 


é 


} 
6 


RECALCIFICATION TIME 


tl romboplastin 


VIVO 


chieut 


Increasing 


added 


Was 


ove’ 
coagulation 


yreate! 
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Thromboplastin on Blood from Heparinized Patient 
Coagulation Time 


Meg 


Phromboplastin 


o4 OS 0.6 


Coagulation Time, Min 


amounts of — to thromboplastin than did the in vitro 0.005 


0. initial 


| hus blood 


oO demonstrate 


of ls having mean 


the 
5 


Mig nig heparin bloo al 


lf coagulation time of 31 minutes 


below heparinized in vivo seemed t 


had 
Ol 


to thromboplastin than 
had a 


blood 


to a greater resistance 


dic 


similar 


COM 
vitro, but it 

Thus 
heparinized in vivo also showed a resistance 
the blood 


between 10, 


thrombo that heparinized in 


coagulation time the 


yreatel than 


im = Chart 
blood 
() 


lo thromboplastin 


with dicumarolized to a level of 


19.96, prothrombin 
Phe resi 


heparinized 


minutes ind 
ol { 


blood 


tiine stance to thromboplastin ol 


resistance n vitro Was compared 


1.0 2.90 
4 4 


05 06 07 08 


4 4 4 


0.9 
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HEPARIN AND BISHYDROXYCOUMARIA 
PABLI i: flect 


No Thromboplastin 
Blow C.1 
No Mir 
Plasma Recak 


* Coagulation Time 
t Recalcification Time 


with that of blood of dicumarolized patients, time until between 1.5 and thron 
both studied by the plasma recalcification bopla tin had been added soo vith 0.006 
time method 

l. Procedures 
Heparin 
Ided to 


il lescribed lor 


g. of heparin pet 
normal recaleitin 


thror bopla 


periments except that heparin in 0.005 or 0.006 Chart 3 \ I t b } echnique 
mount per cubic centimeter of blood had beet the he parinized blood { much 
previously added to oxalate Recalcification tin , 

nore resistant to thron 


were carried out il mme;r identical to 
vious! lescribec | Locuntivmiontte rN { umarolized bloo 
prio to 
drox cout 
he previou 
ivy experiment 
2. Results 
Blood heparinized vith OOO 
1 
heparin) per cubic centim 


be converted to norm: 


THROMBO- 
PLASTIN 
(mgm) 


(minutes) 


RECALCIFICATION TIME 


. oe ae mee Kom 
} 


ee 
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Paste 5.—kLffect of Thromboplastin on Dicumarolized Whole Blood 
Coagulation Time 


lhromboplastin, Mg 
Prothrombir 
a4 2 O5 Os 
Mean Coagulation Time, Min 


7AM 6.6+1.6 { 6.0+1.1 


¥.142.5 6.240.005 .7+1 740.3 


ome binding of circulating anticoagulant 3. Comment 
by the oxalate.’* Chart 4 shows a comparison of the 
1). The resistance to thromboplastin of dicumarolized bloods studied by the coag 
blood of heparinized patients was compared ulation time with heparinized bloods studied 
with that of blood of dicumarolized patients, by the coagulation time. It is to be noted 
both studied by the coagulation time method, that by this method the heparinized blood 
1. Procedure has a much greater resistance to thrombo 
(a) Heparin Experiments: The previous heparin Plastin. It is further to be noted, how 
xperiments in which clotting times were en ever, that in the higher amounts of 
this section thromboplastin, namely, 2 mg., the dicu 
coumarin Iexperiment Blood ~~ marolized blood does still demonstrate resid 


Nn ( lat eceived b ° 
patients who had received bis! ual resistance to thromboplastin in that the 


droxycout i! Prothrombin activities and coas ' 
coagulation time is more than twice normal 
ulation me were determined, the former on : 


oxalated plas n the usual wav and the latter for the value procured with normal blood 


blood. A group of values for coagula using the same amount of thromboplastin 
having a prothrombin activ 


ind JO% are et forth IV. General Comment 


lhe methods used, namely, the recaleifi 

dicumarolized bloods showed a cation time and the coagulation time, ar 

return to normal coagulation time on the notoriously inaccurate. They are the only 
iddition of the smallest amount of thrombo ones we have, however, which measure the 


plastin, namely 2 total action of the coagulation factors of 


THROMBO 


PLASTIN oar oss o4 os o7 08 09 Lo LS | | 20 


(mam) 


1 i i | bd bowl 
HEPARINIZED PATIENTS — | | 
30 MEAN VALUE FOR 7 BLOODS 
wiTh COAG TIME > 20 min 


— 10°19 9% PROTHROMBIN 


See® 20.299% PROTHROMBIN 


COAGULATION 





if thromboplastin on blood from heparinized and dicumarolized patients 
ew ul ed W hot} 





HEPARIN AND BISHYDROXYCOUMARIN 


the blood as they may occur in vitro. Sili 


coned tubes were not used, since we have 


found the reproducibility of the coagulation 


time in them to be less than in glass 

The data show that blood heparinized in 
vivo to a coagulation time of 30 minutes is 
more resistant to tissue thromboplastin in 
a test tube than is blood dicumarolized to a 
prothrombin activity of 10% to 19.90% 

If the blood was heparinized to a 30 
minute coagulation time in 


Vitro its resist 


ance to studied by the 
blood 


studied by 


thromboplastin 
was the 
10% to 


coagulation time same as 


dicumarolized to 19.9% 


the plasma recalcification time But if the 


blood heparinized in vitro were studied by 


the plasma recalcification time its resistance 


to thromboplastin was greater than the 


dicumarolized blood 
The data therefore suggest that blood with 
a 30-minute coagulation under heparin i 


somewhat more effective in resisting throm 


bosis than is blood dicumarolized to a level 
10% and 19.99% of 


between prothrombin 


activity 
Phere can, however, be no 


suggestion of 
total, o1 ineffectiveness of 


Ihe 


arbitrary. It ts 


even important 
blood 


thromboplastin used were 


the dicumarolized amounts 


IMmMpos ible to state how closely they may 


ordinary stimulus to throm 


hey 


amounts which tended to change the 


~ 


ipproa h the 


in VIVO were elected i 


blo« Ya 


as observed by the methad used tron 


hypocoagulable to hypercoagulable  acro 


the ranges of normal 


It is to be emphasized that both types of 


blood remained less coagulable than normal 


blood at. the 


highest amount of thrombo 


plastin (2.0 mg.) used. It cannot be denied 


that some anticoagulant effect, therefore 
felt in all bloods with abnormal prothrombin 
or clotting 


What is 


stimulus to coagulation against which pro 


times, even of slight degree 


unknown is the magnitude of the 


tection 1s sought. It 1s doubtful whether thi 


can ever be estimated, since it must differ 


for each clinical situation. An anticoagula 


tion program, therefore, is unlikely ever to 


LOO” 


It appears, however 


be either effective or LOO inettes 


tive that in situations 


where the choice between heparin and bishy 
droxycoumarin from the point of view of 
inticoagulant 


hould 


convenience and duration of 


administration is even, then heparin 


be ( hose Tl 
V. Summary 


bloods 


varving 


Dicumarolized and heparinized 


‘ 


were tested for resistance to 


amounts of tissue thromboplastin by the use 


of coagulation times and reealetfication 


times 


blood he vat 


methods | 


By both 
coagulation time of 30 mark 
edly 
dicumarolized to 
20% to 30% 


that 


rhiinute 
uperior in anticoagulant effect to blood 
a prothrombin ictivity of 


and shghtly, but definitely 
dicumarolized to a 


10% to 20% 


superior to pro 


thrombin activity of 
It is emphasized that the above inference 


that heparin 1 i bette inticoagulant than 


bishydroxycoumarin should not mean that 


heparin at the present tine hould replace 


bishvdroxyecoumarin where long-tet inti 


coagulants are needed 
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The Clinical Entity of Anterior Crural Ischemia 


Re / ri 


LESTER BLUM, M.D., New York 


Ischemic gangrene in the inferior extren 


itv characteristically involves the toes and 


integument of the foot. It is uncommon ex 


cept for pressure ulcer to have proximal 


death of tissue with unaffected dista! parts 
There is, however, an unusual condition in 


necrosis of the muscles of 


crural 


which isolated 


the anterior compartment occul 


either as a result of overexertion or as 
sequel of sudden arterial occlusion 
In the functional, 


adult 


former, or Lype an 


otherwise healthy young suffers the 


onset of severe pain the anterior leg 


shortly after some heavier 


prolonged ex 
ertion such as a long hike or athletic contest 
Within a 


reaction appears 


few hours, a marked inflammatory 


on the anterolateral aspect 


both legs Phere are erythema 


s 


of one o1 


marked tenderness, and tense swelling local 


ised over the interior tibial musculature 


usually with an accompanying foot-drop 


(lig. 1) The peripheral pulse ire all 


prese nt 


Depending on the \ f the reaction 


in the muscle ssue, the clinical course 


iries from acute absce formation requir 


ing incision to an indolent process of slow 


resolution with fibrous tissue replacement 
shrunken 


hard, with 


In the latter instance, the interior 


tibial muscle become tony 
Ing cle yre¢ 


ischemia wa 


t foot-drop 


functional type of anterior 
d by 


Ie ic hards, 


cribs 


originally ce 


ind Horn.” In 1949, Carte 


Receives 1956 


Fron 


Sinat Ho 


atior Sept 


AL LSC. 


ZX h iry 


which se 


()n the basis 


myography, biopsy, and 


felt that 
welling 


compre - 


collected = nin iiilar 


en presented this clinical 


of careful observation 
arteriography 
the condition was one of 


following unusual exerci 


s10n myopathy going on t 


they 





ischemia 


\ olkmann s 


Phe peroneal nerve lesion was similarly one 


ol necrosi een in 


| here 


lesion in any 


of compression neuropathy was no 


evidence of an arterial case, 


the peripheral pulse 
ent and the 


being uniformly pres 
Phere 


this condi 


arteriograms normal 


have been other case reports of 


tion.*® 


In contrast, there is 


appea 


arterial 


little concerning the 
rance of this clinical picture following 
1955, Watson‘ de 


pre sumptive 


occlusion. In 


cribed two. case ot popliteal 


embolus in which anterior crural pain, ten 


derne and swelling followed without more 


distal involvement (One of hi 


died 


on to low re 


patients 


hortly thereafter, but the other went 


olution, with ligneous change 


in the anterior tibial muscle, contracture 


and permanent toot drop 


We wish to present four case of sudden 


arterial occlusion in) which the syndrome 


of anterior crural ischemia appeared. The 


differing levels of vascular obturation are 


ignificant in that an insight ts thereby 
offered into the pathogenesis of this process 
close 


and a relationship suggested to the 


functional typ described above 


Report of Cases 


CASE |] \ 69-year-old eaman wa 


admitted to Mount Sinai Hospital on Feb, 3, 1953, 


merchant 


i few hour ifter suffering the onset of sudden, 


harp, persistent pam in the right calf and foot 


| 
i KNOW! 


lation tor year Ihe 


heart 
fibril 


ufferer from rheumatu« 


paroxysmal auricular 


iffected extremity was cool 


below the knee but not 


insensate There was a 


hounding pulse in the upper popliteal fossa but 


none below \ diagnosis of embolus to the right 


popliteal arter with good collateral flow wa 
bleeding 
used, B 


reddened, edematou 


mace Because of a previous history of 


peptic ulcer, anticoagulants could not be 


the fifth day, a warm 


appeared over the anterolateral aspect OL the ley 


lever, and blood culture 


Within 72 hours, the 


micre ase | in) 


There w on were 


taker inflammatory proce 


extent, foot-drop appeared, and. the 


possibility of a septic embolus was considered 


| 


Toward the end of the second week, the sign 


slowly abated, the dorsalis pedis pulse appeared, 


Within five 


hy palge sla and 


and the temperature became normal 


weeks the only residua were some 


a foot-drop, for which a brace was appled. On 


VM. A. ARCHIVES O!]} URGERY 


follow-up in June, 1956, three and one-h; years 
later, the patient was enjoying fair health, witl 
normal extremit 

CASE 2 \ 56 


on a previous admission for 


had been treated 


year-old grocet 


arteriosclerotic hear 


angina diabete 5 


29 1955 


disease, pectoris syndrome, and 


mellitus. He was now admitted, on Nov 


in acute distress, with a history of sudden onset 
of acute abdominal pain several hours previously 
with radiation into the inferior extremities, whicl 
His general condition was 


128 and blood pressure 


had become paralysed 
poor, with a pulse rate of 


of 160/110. th 


pulsations and the 


view of the absence of femoral 


cold pallor of the legs, a diag 


nosis of aortic embolism was made. Despite a 


lengthy procedure and multiple arteriotomies, it 


was not possible to establish a vigorous blood flow 


in the arteriosclerotic vessels Postoperatively, 


cold dusky 


right foot and leg were wart 


the left foot presented a appearance 


but the Four day 


ifter the procedure, bilateral oval discolored swell 


ings of the anterolateral crural regions were 


would 


noted, althoug! the feet seemed improved 


2). It was soon evident that the left foot 


died 


note worthy that 


become gangrenous, but the patient with 


uremia on the 12th day It wa 


the symmetri val patches described above did 


not change b t time of deat! 
CASE 3 \ 47-year-old housewite had suffered 


from rheumatic disease for years with ov 


I'wenty-two hours before 


1954, she had 


abdominal 


casional bouts of failure 


admission, on Feb. 13, suddenly 


experienced severe pain, which soon 


radiated down into the inferior extremities, whicl 


became numb and paralysed. Physical examination 


in addition to the eardiac finding revealed al 


ence of any arterial pulse below the umbilicu 


The feet and legs were cold, insensate, and of a 


pale, blotched color It was evident that aorti 
embolization had 


both iliac 


occurred, witl splitting into 


arteri Despite bilateral embolectomy 


ingrenous, and a left mid 


the left le Vv became 
thigh amputation 


1954, by 


and dorsalis pedi 


pertorme | on Keb 4 


whicl right posterior tibial 


returned. However 


t patchy involven t the right anterolateral 


crural skin and foot-drop were noted, despite the 


warm foot and leg Phis condition continued to 


develop, with surrounding inflammatory reaction 


j 


and deep induration into an oval granulating de 


fect measuring 6 by 3 in. (15 by 7.5 em.), witl 


exposed tibial tendon in the wound. The peroneal 


palsy was complete, ‘Two additional admissions 11 


May, 1954, and July, 19 }, 


the granulating area could be 


were necessary before 


successtully grafted 


(big. 3) \t present, twe and one-half years later, 


the foot drop persists, nece itating the use of a 


brace 





ANTERIOR CRURAL ISCHEMIA 


Fig. : Bilateral symmetrical 
CASI } \ \l-year old 
admitted on Dee. 13, 1954, 


numbness of the 


factory worker was 


with a complaint ot 


severe pain and right foot and 


ley of four days’ duration The onset had been 


sudden, with no previous history of heart or 


cold 


patient 


vascular 


clammy leg witl 


disease Examination revealed a 


insensate toes which the 
could not move. Only the femoral pulse was pal 
pable on the right; all pulses 


lett Oscillometry 


were present on the 


confirmed these findings In 


view of all the data, a provisional diagnosis of 


lower femoral artery thrombosis was made and 


a conservative regimen was instituted. However 


embolism of the popliteal artery could not be ruled 


out. Forty-eight hours after admission, an area 


of redness, tenderness, and noticed 


“¢ d daily 


aneurysm 


welling was 


over the anterolateral lew This progre 


and, although the possibility of mycoti 


Was considered, the correct diagnosis ot 


deep 


necrosis in the anterior tibial compartment wa 


made by the 10th day On the 26th day, a few 


cubic centimeters of pus were aspirated, and the 


abscess was incised on the following day 


7 ! ere 


auterior 


crural reactions 


was no growth on culture Short thereafter 


the patient was discharged 


with a granulating 


wound At no disturbance 
April 14, 1955, it 
to readmit the patient tor complete 
Within 


wound was healed (Fig. 4). The 


time was there any 


of peroneal nerve function. On 


was necessary 


evacuation of necrotic muscle and tendon 


three months the 


patient recovered full use of the extremit 


Pathogenesis 


In the 


four cases summarized above, the 


clinical picture of anterior crural ischemia 


without gross distal tissue involvement (ex 


cept for one extremity in Case 2) was pro 


duced by arterial interruptions at 


different 


levels There were two aortotlhac emboh, 


one popliteal embolus, and one 


probable 
This is 


of significance in that there was diminished 


lower femoral artery thrombosis 


blood supply in most of the affected extrem 


6) 





hip Involved area in Case 3 


ities, although only the tissues of the an 
terior crural compartment failed to survive 
In short, the lesion is not one of infarction 
due to interruption of the anterior tibial 
blood supply alone 

Phe 
of the 
partment to ischemia was pointed out by 
Campbell and Pennefather,® years ago. The 


this particular 


anatomic reason for the sensitivity 


contents of the anterior crural com 


narrow confines of osteo 


) 
Resumé 
lathogenesi la 


Ant, crural 
reaction 


Embolism 

Rt. popliteal artery 
Aortic embolism Bilateral ant 
split 


Aortic embolism ht 


FE mbolism Ant 


Kt. popliteal artery 


crural reaction 


int. crural necrost 
ft. thigh amputation 


crural necrosis 
drainage of abscess 


Ok SURGERY 


A. ARCHIVI 


Mig Involved area in Case 4 


fascial space and the insulation of the con 


blo« vl 


In his 


tained musculature from collateral 
supply are anatomic facts (big. 5). 
excellent study of the pattern of arterial 


supply to the muscles of the inferior ex 


tremity, Edwards showed that the lack of 


significant collaterals to some muscles made 
them end-organs with the blood supply de 
pendent on one vessel.” 


An affecting 


equally important factor 


Sequel 


Resolution (4 wk 
foot lrop 


Death, 12 day 


U leeration; Grafting; Healed 
 mo.; foot drop 


Healed; 6 mo.: foot drop 


terile 





ANTERIOR CRURAL ISCHEMIA 


Anterior Closed Compartment 


Fibula 


blood supply is the tendency of muscle to 
swell with the accumulation of lactic acid.!” 
here is no surplus space in the anterior 
crural compartment, and as the fatigued or 


ischemic muscle increases in volume the 


resultant compression serves to further 


hinder blood flow and so increase the ten 


dency to retain lactic acid. Horn? first 


offered this explanation for the muscle mn 


crosis of the functional type of anterior 


crural ischemia. It serves equally well for 


those cases in which organic arterial occlu 
sion has occurred, since the ischemia is not 
sufficiently complete to produce necrosis 
elsewhere in the extremity but does affect 
the confined 


musculature of the anterior 


( rural Space 


Treatment 


Since the essence of therapy is early 


recognition of the nature of a lesion, it is 
important to keep the possibility of this 


condition in mind. 


lhe most effective treatment is early re 


lease of tension in the anterior crural 


compartment by adequate incision of the an 
terior crural fascia. Where the lesion is of 
organic origin, any amelioration of the ar 
terial occlusion such as embolectomy is, of 
remedial 


course, f performed in time 


Fig. 5.—Cross 
midleg showing the narrow 
confines of the anterior cru 
ral compartment. The space 
is delimited by bany suriaces 
ind firm fascia 


sectiol ol 


Summary 


Phe syndrome of anterior crural ischemia 


is a readily clinical 
Distal 


volved 


recognizable entity 


tissues are characteristically unin 


This condition is due to diminution of the 


blood supply to the muscles contained in the 


anterior crural compartment. This may arise 


from organic occlusion of the arterial vas 


culature of the extremity or from unusual 


exertion in persons susceptible to this lesion 


Such predisposition seems to have an 


anatomic factor in an apparently confined 


anterior crural Space and a possible phy S10) 
logic tendency toward the accumulation of 
acid the 


high concentrations of  lacti 


muscle tissue 


Treatment consists of early incision of the 
tense anterior crural 


101 Kast 93d St 
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Major 
Consecutive Cases 
Incidence 


A Preliminary Report on 


Arterial Grafting in One Hundred Sixty-Nine 


and failure 


A. W. HUMPHRIES, M.D.; V. G. deWOLFE, M.D., and F. A. LeFEVRE, M.D., Cleveland 


Phis analysis is presented as a preliminary 
grafting. The 
All but one 


received freeze-dried homografts steril 


report of results in arterial 


longest follow-up is 27 months 
Case 


ized in ethylene oxide 


()f the 169 cases, 102 were in the aorto 


hac region, 63 were femoropopliteal, 3 were 


of the renal arteries, and 1 was a carotid 


irtery. The anatomic locations are listed in 


Table 1 


femoral grafts in comparison with the num 


The unusually large number ot 


ber of aortic grafts results from many 


femoropopliteal grafts attempted in order 


to prevent amputation even when the 


success Was these were 


chance of poor! If 


Lortonliac to 


omitted. the proportion of 


Analysis of Results 


results may 


vided 


\ better understanding of th 


obtained if the cases are unde 


Sept 7, 1956 
Meeting 


Internatior 


publication 


Fourth S« 


ved for 
ented at the reritifie 


the North American Chapter of the 


Angiology, 


Department or ¢ 


9 1956 


Wa cular Di 


Society ot (Chicago 


Frot the 


ise nel Vascular Surger 


Clintc Foundation and The F1 


tional Institute 


femoropophiteal grafts (exclusive of 


two to 


rvsms) would be approximately 


in favor of the higher location 


everal headings: initial suce continued 


uccess, initial failure, and late tarlure \n 


which 
ippe ired in the proper locations distal 
Initial fail 


initially successful gratt one in 


pulse 


to the graft following surgery 
ure is defined as a graft in which no pulse 


were and no oscillometric improve 


ment could be demon {1 ited po tope rat ely 


prese nt 


t , } 
‘ ! V i 
chara an | zed r\ iN} 


\ continued suces 


7 


isymptomatn with palpable puls« oO 


tine \ late 
failed at 


patient 


the present failure 1s a case in 


Which the graft ome time follow 


ng the patient’s discharge from the hospital 


Suggested Classification for Patients with 


Arteriosclerosis Obliterans 





ubclassification of 


Arteriosclerosts 


Patient 
Obitheran 


Anatomic Grade 
I egmental block 
Il, Multiple 
block 
if, Minimal 


egmental or 
exit flow 
Clinteal Grade 

A. Claudication on! 


KB. Marked re 


trophi« 


L pair 
change 


( Gangrene 


rance Oot the angiograms, 1s div d into three 


ups indicated by the Roman numeral Il, and 


| (sroup I i those who only a 


patient 


segmental block regardless of its leng Group 


patient howing multiple gmental 


| 
rv diffuse disease of severe 


witl egmental occlusion 


patients who have occlusion o 


irter without refilling of the 
and who, 


upon 


parent 


lower level therefore, are entirely de 


pendent collaterals from a poimt proximal 


to the ocelusion. Ctinically, the 


yroup x. Bi 


who 


patient are also 


divided and ¢ 


into three 


Group A 
is those patient complain of intermittent 
claudication onl 
have 


pendenc 


filling 


Group B is the 


definitive rest 


patients who 


pain, marked rubor on de 


and pallor on elevation, increased venou 
time and = trophic 


changes in the foot 


Group © 1s the 


both 


patients with frank 


Baneren B 


combining ubdivision therefore, patient 


may be graded from the 
I-A, to the least fay 
We consider 


I ind I] 


candidate ror 


most favorable rating, of 


IT1-¢ 


grades of 


vorable rating, of 


patients with anatomic 


grade of A a 


urger\ ind these cases are cor 


and a clinical good 


being 


equently termed elective 


Patients with an an: Vine 


grade of Ill 


to be 


and a 


clink il poor 


yrade of B I we consider 


patient and so are termed nonelective Phese 


nitions are arbitrary, but we b e them to 


of practical ignihcance 


Successes 
Pable 


this 


Initial Succes 


3 indicates the in 


ucces rate in 


serie It will be 


TABLE 3 


Ist Year 


Initialls 
Successful 


Aortic aneurysu 


Femoropopliteal 


Carotid 


Initial 


A. M. A. ARCHIVES OF SURGER) 


noted that the percentage of grafts initially 
successful is remarkably similar year by 
year. Two figures are of particular signifi 
cance. There is a decrease in the percent 
ages of successful grafting in the femoro 
popliteal region between the first and second 
years 


and a between the 


slight decrease 
third The explanation 
the the number of 
these grafts attempted in poor risk candi 


dates 


second and 


years 


for this is increase in 


who otherwise were threatened 
the the 
a large proportion of these grafts primarily 
are unsuccessful. The second point of in 
the fact that all 
rysms were amenable to successful grafting 
at the time of 


with 


amputation. Irom nature of 


risk, 


terest lies in aortic aneu 
surgery 
Continued Success.—Owing to 18 deaths 
and 5 late failures, it may be seen by refer 
ences to Tables 3 and 4 that the percentage 
of continued success has dropped from an 
initial 86% to an 


72% 


average of average ot 
One case of every four has proved a 
failure. One might presuppose that the ma 
jority of the failures would be in poor-risk 
candidates. If the cases are classified into 
subgroups based upon the severity of the 
disease and the clinical picture that they pre 


sent upon admission, it may be that 


seen 
this is true 


Fable 5 


rate 


indicates the continued 


SUCCESS 
in the various 
the 


and nonelective groups. 


anatomic locations now 


subdivided 


into above 


defined elective 
It may now be seen 
that 81% of those cases grafted electively 


have remained successful, whereas 44% of 


those cases grafted in the nonelective group 


remained 
this 


have 


The 


remaiming high 


successful 
Table is. the 


significant 
figure in 


Success 


jrd Year 


2nd Year 4 Mo 


Initially 
Successful 


lotal Initiall 


Successful 
" 





MAJOR ARTERIAL GRAFTING 


TABLE 4.—< 


Year 
Site of 
Graft Continued 
SUCCESS 


Failure rotal 


A ortoiliac ’ » 


Aortic 
meurysm 


Femoro 


popliteal 
Carotid 
Renal 


lotal 


Initial Cont 


Succes 


niinued 


2nd Year ‘ iM 


ontinued | 


Succe 


‘ 


Continued 


Elective 
Site of Craft 
Failure 
Aortoiliag X 6 
Aortic aneurysm 
Femoropopliteal 
Carotid 


Renal 


Potal 


*see table 10 also 


failure rate in the femoropopliteal group 


Whereas in the elective group the 


rate for aortoiliac grafts is 90% and that for 


success 


aortic aneurysm is 86%, the continued su 
cess rate in the femoropopliteal group is 


only 65% 


Failures 


several 
No am 
ol 


Before discussion of the failures, 
general statements should be made 
putations have been necessary because 
failure of a graft in a patient who was not 


‘| hose 


exclusive 


admitted with amputation in mind 


patients who are listed as failures 


of those who died, are patients in whom we 
are unable to find pulses distal to the graft 
A fairly high percentage of these have de 


TABLE 6 


Initial 
Site of Graft Failure 
Aortoiliac 
Aortic aneurysm 
Femoropopliteal 
Carotid 
Renal 


Totals 


* There were 47 failures among the 169 cases 


Nonelective 


Failure Succes 


creased symptomatology and actually have 


had successful procedures as far as the clin 


ical picture is concerned, They are, nonethe 


less, classified as failures, since we are 


unable to demonstrate patency ot the graft 
We do not believe that postoperative angiog 
raphy is warranted as a general procedure 

Table 6 the of initial 


indicates numbet 


failures, late failures, and deaths in relation 
ot the 


that 


locations. It will 


ot} 


anatomic 


the 


to each 
be 
failures 
that the 


noted largest number initial 


is in the femoropopliteal group and 
the 


deaths are in aortothac and 


aneurysm groups 
Initial Failure 


Table 7 


of 


represents 


breakdown of the causes the failure 


our of the initial failures were in the 


aorte 


Fatlures * 





Rea for Imtial Fatlu (24) 


Aortoiliac (4 
I-A Unknown 
11-8 Inadequate ex 
Ilt-C Inadequate exit flow 
It1l-C Inadequate exit fie 


t flow 


Aortic aneury 0) 


I 


Unknown 


Unknown 


Polycythem\a 
I-A 
1-A Ky pa 


iliac group, and twenty were in the femoro 


popliteal. Of the four aortoiliac grafts, we 
ire unable to explain one initial failure that 


with a I-A 


three are in the 


occurred in a patient classifica 


tion. The other nonelective 


group, Whose angiograms had the outstand 


ing characteristic of very poor quality of 


failure of the occlusion to refill 


level. We 


ol the ‘ 


vessels and 


at a lowet have attributed the 


failure grafts to an “inadequate 
mean a limb whose 


distal 


exit flow.” By this we 


remaining patent vessels below the 


a total blood-« irrying 
than the 


end of the graft have 


capacity that is le volume of 


blood supplied by the graft. Under such 


circumstances, stagnation and slowed rate of 


flow occur within the graft and thrombosis 


is very likely to occur. In the femoropoplit 


eal group, there were eight failures that we 


classed in the inadequate exit-flow group; 


one is unexplained ; two occurred in patients 


with a rating of I-A but who seemed to 


have a markedly increased clotting tendency 
it the time of surgery despite entirely not 
mal blood 


other was 


tudlies made postope ratively \n 


ina nonelective patient with true 


polycythemia. Eight occurred in patients 


who had bypass graft It will be seen that 


ill but one of these were in the elective 


group. We 


grafts in the 


have done a total of 16 bypass 


femoropoplhiteal region, & of 


which were successful and & of which were 


failures These are undoubtedly not. sig 
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nificant figures and should not be interpreted 
as being a condemnation of the bypass pro 
cedure. Most of these were done before we 
had femoral arteries available, and the grafts 
This 


complication to interpretation 


consisted of cut-down thoracic aortas 
idds a furthe: 
of these grafts. Of specific interest in this 
Table are the 


ures in the 


of initial fail 


number 


group 
with those in the femoropopliteal group 


small 
aortoiliac as compared 
\lso of interest is the high proportion of 


patients with a condition compatible with 
the theory of inadequate exit flow as a cause 
of failure 

Late Failure The late 


are listed in Table & 


failures in the 


series (ne was in the 


PaBLe &.—Late Failure (Exclustve of Death) 


Anatomic and 
Clinical 
Grade or Cause of Late Failure 
Craft 


I-A Diabetic; shut down femoral artery; graft 
at 4 mo 


Shut down one limb of aortic bifurcation 
at | yr.; regraft; new disease below 


Ruptured femoral artery; graft at 8 mo 
through arteriosclerotic plaque; ré 
grafted 


12 yr. old boy: shut down femoral 
artery; graft done for trauma; secor 
dary surgery in same area 

Renal Ruptured anastamosis line at 10 day 
nephrectomy 


aortoiliac group; one was a renal artery 


graft, and three were in the femoropopliteal 
Phese listed. 


explainable on the basis of advancing dis 


group cases are They are 


ease, both in the patient’s own arteries and 
in the graft itself, or as the result of trauma 
We believe that the very 


number of late failures is extremely encour 


to the graft. small 


aging, since an established successful graft 


has in the vast majority of cases remained 
successful 
Deaths Chere 
deaths in this 
None of the 


grafts for 


been a total of 18 
11% of the 


relation to 


has 


series, OT total 


deaths occurred in 


aneurysm, of which only three 


grafts were in patients whose aneurysms 


were asymptomatic at the time of surgery 


ight deaths occurred in- the aortoilia 


group, and one death, in the femoropoplit al 
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TaBLe 9.—Primary Cause Death 


No, of Death Failure 
Infection 
Postoperative leak 
Ist day 
lith day 
12th day (horseshoe kidney 
Mth day | aortoenter 
2uahday § fistula 
th month (aneurysm 
1 year own vessel fr 


Other Cause 


lransfusion reaction 
Pulmonary edema 

4th day coronary occlu I 
Ventricular fibrillation 

M yohemoglohinuria 
Potal 


group. Of the 18 deaths, we believe that 


10 were the result of the graft procedure 


per se and that eight were due to conditions 


associated with major surgery but not sp 


cifically to the arterial graft. Of the 10 


deaths that we attribute to the grafting pro 


cedure . three were of patients who deve loped 
retroperitoneal infection with erosion of the 
graft and a fatal massive hemorrhage. The 
remaining seven deaths were of patients who 


leak died 


Several of the cases 


developed a postoperative and 
because of hemorrhage 
are of specific interest. One patient with an 


aortoiliaec graft had a horseshoe kidney. It 
was elected to leave the kidney undivided, 
and the graft was placed under the trans 
()n the 12th day 


upon 


verse portion of the organ 


the patient died of hemorrhage, and 


examination it was found that there was 


a leak in one common ihac limb of the graft 


not at an anastomosis line and not at a point 
of a tied-off tributary vessel 


this 


It is our opin 


ion that represents a jet lesion as a 
result of partial compression of the graft 
at the point of the horseshoe with resultant 
poststenotic turbulence. Three patients died 
one on the 14th day, one on the 20th day, 


and one in the 5th month, because of the 


development of aortoenteric fistulae at the 
proximal anastomosis line of grafts done for 
These 
represent technical failures that were due to 


markedly 


The final leak was in a 


aneurysm were in early CASES and 


poo! anastomosis In deg nerated 


vessels man whose 


graft ruptured one yeat postoperatively At 


the time of emergency operation it was 


had 


at the time of the origina} 


found that his own iliae artery, which 


been left in place 
bypass procedure, had retracted and so posi 
tioned itself that marked medial caleihieation 


nt in this vessel was at right angles to 


his 


which the 


the gyratt formed i set ot calert Saw 


teeth over and 


pulsated 
death in the 
hres 


and at 


gratt 


finally eroded The causes of 


remaining eight patients are listed 


vere due to transfusion reactions 


uria. One patient developed an unexplained 


pulmonary edema several hours postopera 


tively inother suffered a coronary occlu 


SOM On the fourth postope rative day lowe 


who were extremely poor surgical risks with 


leaking entriculat 


ersible Ihe 


ofa patient in whon 


aneurysm cle 


fibrillation that was irre) final 


death in this group wa 


t gangrenous limb resulted from rupture 


ola popliteal artery upon ree stablishment 


of the circulation at the end of 36 hours 


myohemoglobinemi nephrosi occurred he 
cause of absorption of toxic products from 
the nonviable limb, re 


ulting im a renal shut 


dow nN 
Summary and Conclusion 


In th 
the initial 


series Of 169 consecutive 


14%, the late fail 
mortality rate 11% 
rate is 72% These 


statistically 


CASES 


failure rate is 


? 


ure rate 3%, and the 


The continued 


SUCCESS 


hgures are not significant, be 


cause of the small number of cases, but they 


do indicate the trend of arterial grafting in 


our. institution The commonest cause of 


initial failure has been an inadequate exit 


be low the 


of death 


flow The commonest cause 


leak. We 


study in 


pratt 
be en 
that the 


has postoperative 


believe most significant 


preoperative evaluation of the 


patient and 


his chances for uccessful grafting 


belie ‘ 


ill ati 


through adequate angiography. W< 
that angiograms should be 


made ol 


grenous and pregangrenous limb ince ap 


proximately 50% of apparently irretrievabl 


limbs can be saved by arterial gratting. The 


81% continued succe rate in elective case 


encourages our belief that arterial grafting 


will continue to be useful in the treatment 


of arteriosclerosis 


obliteran that involve 








1 Case 


te of Craft Potal 
Aortoillac MM 
Aortic aneurysm 40 
Femoropopliteal ) 
Carotid ] 
Kenal 4 


Potal 
(irand total 


the large peripheral vessels and in the treat 
ment of arterioscleroti aneurysms 


WH i. 93d St. (6) 


Addendum 


Since this paper was submitted for pub 


lication, 91 additional grafts have been done 


Fallure Success 


M. A. ARCHIVES OF SURGERY 


Including Ninety-One Additional Cases 


Elective Nonelective 


Total Failure Succes 
2 ~ ] 
il 7 
3l 14 l 
0 
“0 


62 


Kesults to the present time are summarized 


in Table 10. It is of interest to note that, 
whereas there has been one additional late 
failure in the aortoiliac group, there have 
been five late failures in the femoropopliteai 


grafts 





The Use of Autologous Venous Grafts in the 


Peripheral Arterial System 


JERE W. LORD Jr., M.D., and PETER W. STONE, M.D., New York 


The 


arteries continues to be 


reconstruction of vital peripheral 
an important prob 
Phe 


restitution 
the 


lem to vascular and general surgeons 
for 
flow 


more important indications 
of blood 


management of acute arterial injury and the 


major arterial include 
sequelae of injury, such as traumatic aneu 


Phe 3 


of the general population has 


rysms and arteriovenous fistulas n 


creasing ag 
resulted in a larger number of patients who 
require surgical intervention for complica 
tions due to atherosclerosis of arter 


The be 


necessary to bypass an obstructed arterial 


mayor 


1€s insertion of a graft may 


segment or to maintain arterial continuity in 


the treatment of an arteriosclerotic aneu 


rysm. Finally, the insertion of a blood vessel 


graft is essential in the local excision of 


metastatic tumors of the 


the 


primary or ex 


tremities and neck which involve vital 


arteries 
Submitted 
the 


July 
Department of Surgery, 
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Meeting of 


International 


for publication 6, 


From Yor 


Post-Graduate 
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University 
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North 


Society 


at 


the American ( hapter of the 


of Angiology, Chicago, June 9, 1956 


TABLE 1 


Patient Age Diagnosis 


1 48 Superficial 


femoral, rt 


Laceration and contusion, 
rt. femoral artery 


mbo (ireater 


uper 


Contuston and thre 
s, It. common and iphenou 
ficial femoral arterie rt 


Greater 
aphenous, 
rt 


Phrombos! It. common 
and uperficial femoral 
arteries following 
rative tauma 


ope 


Contusion (ireater 


sis, rt saphenous, 





The Use of Autologous Venous 


Donor Ve 


n 


Phe present paper is a report of 21 autol 
introduced the 
Wi 


those 


ogous venous. grafts into 


peripheral arterial circulation have de 


fined peripheral to include arteries 


distal to the inguinal ligament in the lowe 
and distal to the the 


upper extremity 


extremity shoulder in 


Arterial Trauma 


live autologous venous grafts were in 


serted for trauma to the major artery of an 
(Table 1) 


sustained laceration and avulsion of the 
the 


extremity Iwo of these patients 
skin 
over upper thigh and inguinal regions 
resulting in contusion and thrombosis of the 
Patient | had a 4 cm 


femoral vein 


femoral artery 
of 


sey 
ment inserted 


after 


superficial 


resection of a segment of thrombosed 
Chis 
1949, and patent 
when the patient was last examined, on May 
24, 1956. Patient 2, a 28-year-old 


Wan, l myury, 


superficial femoral artery gratt was 


inserted on June 7, was 


white 


istained a similar necessitat 
ing the insertion of an 8 em. greater saphen 
the 


arteries after 


ous vein segment from common. to 


superti ial femoral the rese¢ 


Acute Peripheral Arterial Injury 


Grafts m 


Method of 
Anastomosis 


Length of 
Craft, Cm 


End-to-end after exci 
ion of traumatized 
irterial segment 


Fnd-to-end after 
ion of traumatized 
arterial segment 


exci 


from ext. tliac 
il femoral 
end-to-end ana 


Bypa 
to superfict 
arteries 
tomos| 


after 
traumatized 
egment 


End-to-end 


on of 


excl 
irterial 


End-to-end after exe 
on of traumatized 
irterial segment 





I his 
and was 
The 


amputation 


tion of a thrombosed artery Was 


Nov. 4, 1953, 


patent on Jan. 2, 1954. 


gratt 


inserted on known 


to be patient 


ubsequently required an of a 


portion of the foot as a result of traumati 


injury to The graft 
that 


arterial 


this region was re 

The 
to the 
21-year-old 
presumably during the 


extremity wa 


ported as being patent at time 


third case of mayor trauma 


lower extremity occurred in a 


woman (Patient 3), 


course of a high 


thi 


aphenous ligation 


lowing operation — the 
cold 
pulses were felt 

23, 1954) an 


aphenous 


noted to be arterial 


( Dec 


and 
Three 


18 cm 


] 


no mayor 
later 


of 


weel 
segment greatel 
vein Was anastomosed end-to-end 


fashion to the external iliac and the super 
bypassing the ligated 
the 
tremity and remained present when patient 
een, on May 24, 1956 


ol 


femoral artert 


Distal pulse 


ficial 


segment returned in ex 
was last 


Phere 


mayo! 


mstances 
the 


two 


ol 


were trauma to 


the artery upper extremity in 


this group. The first occurred in a 53-year 


old white woman (Patient 4) who sustained 


a gunshot wound of the right axilla, with 
laceration and contusion of the distal portion 


17, 1954. A 


saphenous 


of the axillary artery, on Jan 
of greater 
the 


traumatized 


6 cm, segment vein 
defect after 
This 


Phe re 


used to repait axillary 


the artery 


1955 


excision of 


gratt was patent on June . 


The ( 


LP ABLI 


Diagnosi Donor Vein 
lraumatic aneurysm, rt 
brachial artery 


lrraumatte Aneurysm Cireater 
and A-¥V fistulas, It. super 
ficial femoral artery and I 


velr 


aphenou 
t 


Arteriosclerotic aneurysm, Greater 
It external — iliac ind 


common femoral arteric 


iphenou 
It 


Crreater 
iphenous, 
rt 


Arteriosclerotic aneurysm 
It. popliteal artery 


Superficial 
femoral, rt 


Arteriosclerotic aneurysm, 
rt. popliteal artery 


(rreater 
sphenous, 


Arteriosclerotic aneurysm 
jt. popliteal artery 
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maining patient (Patient 5) sustained 


crushing wound of the left arm, with con 
tusion and thrombosis of the brachial artery 
in its midportion. A 5 em. segment of the 
brachial artery was excised, and a segment 
The 


graft was patent on a follow-up examination 
after 


of cephalic vein was used as a graft 


approximately one year insertion 


Arterial Aneurysms 


Reconstruction of major arterial con 


tinuity utilizing autologous vein grafts was 
performed in arterial 


SIX of 


the 
matic in origin and four were arteriosclerot 
| 1V¢ 


ituated in the lower extremity, and the sixth 


CASES aneu 


rysm. Two of were trau 


aneurysms 


ic in type of the six aneurysms wert 
was in the brachial artery (Table 2) 

Ihe the brachial 
irtery Negro 
Phe aneurysm was in the distal 
third of the ves 
of Matas 


morrhaphy procedure, 


traumatic aneurysm of 


was in a 56-year-old man 


(Patient 6) 
sel and was treated by mean 
reconstructive — endoaneurys 
utilizing a 6 cm. inlay 
venous graft obtained from the right basili 
vein 


Follow-up examination three years 


after surgery revealed the graft to be patent 


The other traumatic arterial aneurysm was 
21 Veal old 


the 


nm a white (Patient 7) 


of 


man 
third 


artery 


and involved distal the left 


supertic ial ~=femoral and 


proximal 


se of Autologous Venous Grafts in Peripheral Arterial Aneurysm 


and A-V 


Fistula 


Method of 


Length of 
Anastomosi } 


Graft, Cm Result 
Reconstructive endo 6 
aneurysmorrhaphy 

with inlay graft 


Patent, 37 mo 


Obliterative endoan 
eurysmorrhaphy liga 
tion of superfictal fe 
moral vein and = in 
ertion of graft into 
irterial defect 


Patent, 20 me 


End-to-end 
cision of 


after ex 
aneurysm 


latent, 6 mo 


End-to-end 
cision of 


iffer ex 
aneurysm 


End-to-end after ex 
cision of aneurysm 


End-toend after ex 
cision of aneurysm 


18 mo 
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the patient had 
the 

popliteal and femoral artery 
the 


popliteal artery In addition, 


in arteriovenous fistula at junction of 


the ind vein 


| the 


with proximal and distal ends of 


irtery and vein opening into the aneurysmal 
sac. A Matas obliterative endoaneurysmor 
haphy was performed, and the defect in the 
reconstructed with a 7.5 em 


irtery Was 


saphenous vein fron 


Ihe 


Were 


segment Of greatet 


contralateral 


distal 


lollow-up examination 20 n 


the extremity proximal 


ind ends of the vein 


ligated 
lonths after sur 
yery re vealed the 
lhe 


curred in the 


the 


gratt to be patent 


arterios¢ le roti 


ineuryst! 


lower extret 


four were in the poplite Phe 


Th f an Aut 


Pertpheral Artery 


remaining aneurysm was of the left external 
irteries In a 72 


Chis 


defect Was 


ihac and common femoral 


man (Patient 8) ineu 


the 


vear-old white 


ryvsm was excised, and 


reconstructed by means of a 3.5 cm. segment 


ol ater saphe nous vein lollow up ex 


gre 


unination six months later revealed patency 


of the graft. The three popliteal aneurysms 


were all treated by excision and interpola 


tion of a venous autograft. The first was in 
1. 47 
9 


required an < cin 


9) and 


the 


vear-old white man (Patient 


long from 
his wa 
lhe 


occurred in 


pratt 


greater saphenous vein patent 17 


nonths after insertion remaining two 


incurysms the same 


10) i >] 


sion Of an 


popliteal 


patient Patient vear-old) white 


ian. The exe acutely thrombose« 


sertion. ot i 15 cm 


right superficial femoral 


ineurysm with the in 
gratt trot 


the 


ein Wa performed ty inother urgeon 


\pproximately eight month ifter this pro 
cedure the patient ce velop lat oht popliteal 


[his Wi ACI l bv Us, 


iphenou 


ineurysm and a 


Y cm. segment em 


* 1) 


Wa ( nploved to reconstruct the 


ind 18 


procedure ~ 


months after 


( Dec 


examination 26 the 


two operative 13, 1955) 


reve iled both oy ifts to be 


~ 


patent 


Neoplastic Disease 


Intrequently a soft tissue tumor of the 


treated by local excision 
Phi 


bee Luise ot 


extremities wall be 


ther than amputation method of 
| 


} 


treatment may be utilized the 


low grace ol malignancy of the tumor ¢ 


because of the patient’ refusal of a more 


Phe 


group was a 


radical procedure one case of thi type 


sent le lomyosarcoma 


in the pre 
t-vear-old white 


he 


of the left upper thigh ina 


man (Patient 11) (Tab 3) tumor 


completely encircled the common and 
els. A block re 
performed in conjunction with 
12 em 


defect 


Up I 


ficial femoral ve ection wa 
an inguinal 
node dissection, and a vein graft was 

COMMON and 


The 


used a 


inserted into the in the 


superficial femoral arteries right su 


perhicial femoral vein wa the donor 


vessel lourteen months after the proce 


recurrence ot the leiomyosarcoma 


the 


hemipelvectomy. Gro in 


dure a 


was noted in upper thigh and the pa 


iwreed to 
the 


indistinguishabl 


tient 


pection of venous autograft revealed 


it to from the adjacent 
there Vil ne 


the 


hyperp i t it 


artery It wa patent incl 
Microscopic 
showed marked fibrou 


the 


dilatation examination of 
yratt 
ill lavers of gratt wall 


Obliterative Arterial Disease 


Ihe excision of thrombo ( 


ital peripher il arteri with re 
continuity has presented a constant 
the Ihe 


pos! following 


nm op 


| 
isculal 


urgeon 
on ot a gratt 


fer 





cal 


bypa 


More 


gratting 


uces recently the method of 


has been introduced by 


Linton! and Crawford and co-workers.* 


Thi 


tage 


technique has many theoretical advan 
over the direct interposition procedure 
ot 
We 


graft 


in the treatment segmental obliterative 


inserted autol 
the 
tem of the lower extremity nine times 


of thi 


arterial di CASE have 


ogous venou into arterial sys 


in the 
treatment condition. One of the 
directly introduced after excision 


occluded The 


graft with use of 


yraits wa 
the 


eight 


ot cyment remaining 


were inserted the 
method, leaving the thrombosed seg 


{ Pable +) 


bypa 


ment mam situ 


PABLE 4 The Us lutologous 


Irterial 
Diagnosis Donor 


Thrombosis of rt 
ficial femorai artery 


uper Superficial 


fernoral, rt 


Thrombosis, It 
ficial femoral artery 


(rreater 
aphenou 
It 


uper 


rhrombosi rt 
ficial femoral artery 


Cireater 
saphenous, 
rt 


uper 


rhrombosis, rt. ext. iliac (ireater 
and common femoral aphenous 
arterie rt 


rhrombosts, It 
and common 
ficial femoral 


ext. iliac (ireacer 
and super aphenous, 
arteries It 


rhrombost It 
ficial femoral artery 


(Cireater 
saphenous 
It 


super 


Phrombosi rt 
ficial femoral artery 


(ireater 
aphenous, 
rt 


uper 


rhrombosis, It 
ficial femoral artery 


(ireater 
aphenou 
t 


uper 
l 


Phrombosi It 
ficial femoral artery 


(rreater 
aphenou 
it 


super 


Phe single instance of direct interposition 


was in a 6l-year-old white man (Patient 


12), who had a 5 cm. segment of throm 


bosed superficial femoral artery excised and 


end-to-end anastomosis of a 7.5 cm. segment 
This graft fun 
f distal 


arterial pulsations indicating thrombosis was 


of superficial femoral vein 


tioned initially, but disappearance ¢ 


noted during the fifth week following opera 
This 


tion procedure performed in 


1951 


Was 


74 


Venous 


Vein 
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The remaining eight bypass procedures 
were performed during the preceding year 
Phe 
procedures 
13) and 61 
year-old men Che first 
13) presented bilateral 


in a total of six patients two patients 


in whom bilateral done 


62 


were 


wert ( Patient ( Patient 


14) 


( Patient 


white patient 
segmental 
thrombosis of the superficial femoral artery 
Vhis 
in the left thigh and a 7 cm 


The 


SOUTCE of both grafts 


vas treated by means of a 20 cm. graft 


graft in the 
greater 


thigh 
the 


right saphenous vein 
Both 
of these grafts were patent five months post 
(Jan 20, Phe 


patient (Patient 14) had a bilateral common 


Sc! ved as 


operatively 1956) second 


Grafts m Obliterative 
Disease 


Periphera 


Leneth of 


Graft,Cm 


Method of 


A nastomosi Result 


after re 74 
thrombosed 


End-to-end 
section of 
segment 


for 4 
thron 
5th wk 


Patent 
wk 
bosed 
Bypass mid portion 5 mo 
It. superficial femoral 

artery 


Patent 


Bypass mid portion 
rt uperficial femoral 
artery 


Patent, 4! 


iliac Patent, 4 


femoral 


Bypass from ext mo 
to superficial 


arteries 


lhrombosed 
within 1 wk 


Bypass from ext. iliac 
to superficial femoral 
arteries 


Bypass, midportion 
It. superficial femoral 
artery 


rhrombosed 
within 1 w 


Bypass from ext 
to superficial 
arteries 


for 3 
throm- 
ith wk 


ilia Patent 
femoral wk 
bosed 


Bypass from ext. iliac 
to superficial femoral 
arteries 


Patent, 5') mo 


Bypass from It,common 
femoral to popliteal 
arteries 


Graft ruptured 
41 days after in 
sertion; wound 
infection 


and superficial femoral arterial thrombosis 
Bilateral external iliac to superficial femoral 
artery bypass grafts utilizing the greatet 
saphenous vein as a donor vessel were in 
serted. Both grafts measured 12.5 cm. in 
length. The right saphenous autograft was 
patent four months after operation, but the 
left thrombosed within one week of inser 
tion 

In the four patients subjected to unilateral 
procedures, thrombosis 0 


bypass early 
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curred in two patients (Patients 15 and 16) 


\n 11 
s¢ rted 


Cihh. Pre 


greater saphenous graft was in 


for a left superficial femoral artery 
15) 


P t 
gral 


thrombosis (Patient and m 


ater saphenous for a ight supe! 
( Patient 


(Va 


saphenou 


femoral artery thrombosis 
\ third 
17) had 


inserted 


member of the group 


IS cm 


tient gz 


an reatel 


thrombosis 
Phi 
graft was patent in the last follow-up exam 


The 


oup 


graft for a segmental 


of the left superficial femoral artery 


ination, frve months following surgery 


last patient in the unilateral bypa 


wT 


rresented the only instance of rupture in 
| | 


our experience with autologou 


Vhis 


yenou 


grafts occurred vear-old 


PABLE tcal ‘ / 


wenly-One 


Pe ripheral 


Arterial trauma 
Arterial aneurysms and A-V fistula 
Resection of artery for tumor 
Obliterative arterial disease 

Direct interposition 

Bypass insertion 


Total 
(Patient 18) who had a 38 cm 


greate! saphenous graft placed from the left 


white man 


common femoral to the popliteal artery 


Postoperatively the graft functioned well, 
with a return of palpable pulsations in the 
dorsalis pedis and posterior tibial arteries 
noted the 


However, gross infection was in 


midthigh incision approximately one week 
This incision wa 
di 
The graft continued to 
the fifth 


patient experienced sudden pain 


after operation partially 


opened, and purulent drainage appeared 


within one week 
function 


the 


During postoperative 
week 
in the lowe following day 
At ex 
in the 
Phere 


was hematoma in the wound but no evidence 
of 


thigh, and _ the 
a pulsating hematoma was evident 


ploration a 3 mm. longitudinal rent 


distal third of the graft was found 
infection. In an attempt to preserve the 
graft, a 4 cm. segment of the contralateral 
greater saphenous vein was anastomosed to 
the proximal and distal ends after resection 
This 


of the ruptured segment functioned 


well five days, at which time 


ot the 


for rupture 


ift urred 
the 1 


infection 


secondary {1 OC 


Te’ Ce 


gation 


7 
4 I 


ing | ot ajor gratt 


appear that 
the 
enous 

We 
n the case 


had 


bypas 


Was Te spon 


initial and secondary rupture 
gratt 
feel it hat 
the 
the 


the 


Mmportan pha ize I 


vhich 


1 


n 
gratt 
thre yratt 


a cul il 


made 


supply to t mi not 


worse by the 


venou yratt 


lut jous | 
Arterial S\ 


in all instances where the distal arterial tre 


injury IX CASES 


include 


has been patent (Table 5) 


five cases of arterial ot 


aneurysm or arteriovenous fistula, and one 


instance in which tumor surgery nec 


Phere 
of aneurysmal dilatation 1 
the of 
after 


tated resection of the femoral arte ry 
was no evidence 
this graft 
14 months 


been no thrombosis, 


at time hemipelvectomy 


here ha 


linical ev 


its imsertion 
rupture, or « 
of aneurysm formation in these case 


the follow ha 


in’ Which longest up been 


seven yea4rs 


Failure of the autologou enous graft 


occurred only following its use for 


When 
the 


egmen 


tal arterial occlusion used autol 
ogous 


recently 


We 


venous gratt in per 


iphe vs @ 


described by Linton ind Craw 


ford and co-workers.” thrombo occurred 


The 


re 


in three cases and rupture in one case 
Oo! Hove W irren 


garding the incidence of immediate 


recent report and 


ind late 


thrombosis of arterial homograft 





ovou 


hese 


16 arterial 


hould be cited 
12 ot 


yvenou 


yenou 


yralt 


tuthors reported closure in 


;mografts and in 8 of 13 autografts 


nserted into the arterial system of the lowe1 


xtremity, utilizing end-to-end anastomoses 
ind also the bypa 


Che most 


' ‘ 
iu ologou 


ing technique 
m of 


they 


oiced critics 


frequently 


enou gratts 1 that are 


‘ 


nore prone to secondary thrombosis and 
arterial homo 
We 
Lye 


between the intro 


ineurysm formation than are 


yrafts or pli ¢ prosthese think it 


Wniportant, a f npha ized by and co 


i] 


worker to differentiate 


luction of a yvraft of any Lype into an ¢ en 


‘ 


normal arterial 


diffuse 


tially tree and into a tree 


and mul 
( Ibvi 


that 3 eat ot} disease 


ol egmental occlusion 
ously the percentage of patent grafts undes 


be 
of the type of graft that 


the former set. of will 


circumstances 
regaradl 
When 


problem and blood vessel graits in a 


higher 


used this yardstick is applied to 
the 
considered, wi 


normal arterial tree are 


that 


ol 


disinclined to incidence 


ivres 
with venous autografts 


of 


thrombo highes 


other vascular graft 


ha 
ol 


than with 
Murray 


bye hav 1OT 


types 
reported upon the long-term 
venous grafts and has cited one 
patient in whom a patent graft inserted for 


ha 


vidence 


trauma been followed for 15 years 


without ¢ Ol aneurysm tormation o1 


ileification. Jahnke and Seeley,® in’ thei 


vascular imyjuries 


definite 


report on the treatment ot 
War, 


autologous 


in the Korean Late i prel 


erence or venous grafts overt 


irterial grafts in immediate re 


homologou 


constructive procedures upon the peripheral 


irtern Seeley reporting the 


the 


upon ust 


of autogenous vein in reconstruction 


following surgery for 


fistula, 


of arterial continuity 


ineurysm and arteriovenou has 


found autogenous veins “entirely” satisfac 


ory 


Summary 


I wenty-one autologous venous grafts have 


wen inserted into the peripheral arterial 


cluded five cases 


indications for the procedure in 
of arterial injury, six cases 


of arterial aneurysm or arteriovenous fistula, 


and one 


1M LRCTiIN Ok SURGERY) 


resection of a 


the 


in which the 
the 


Instance 
of necessitated 


the 


malignancy thigh 


acrifice of common and superficial 


Thes 


the 


femoral arteries 12 grafts have re 


mained and longest follow-up 


patent, 
interval has been 


the 


seven years. No aneurysn 


Phe 
the 


of any of grafts has been noted 


use of autologous venous grafts in 


treatment of segmental obliterative arterial 
Direct 
failed 


and the utilization of the bypass 


less satisfactory 


bee n 
ot 


disease 

interposition a venous graft has 
In one case, 
been successful only four 


| he s¢ 


a brief period, and it is 


principle has in 


ot eight Cases have been 


patients 

lor 
that 
the 


followed only 


possible late thrombosis further 


may 


reduce number of ssful cases 


lhe 


autologous venous grafts function well when 


SUCCE 


present series would indicate’ that 


introduced into a peripheral arterial system 


where there of the distal arterial 


the 


Is patency 


tree and there is no interference with 


arterial run-off. It would appear that this 


graft, by reason of its universal availability, 


its uncontaminated state, and its freedon 


from potential antigenicity, represents the 
most graft for the 


satisfactory restoration 


of peripheral arterial continuity. The failure 
graft when used 
of the pe 
ripheral arteries 1s thought to result mor 


the itself 


of the autologous venous 


in segmental obliterative disease 


from disease process than fron 


iny inherent deficiencies in the graft 
ke. 92d 


)» 
St. (28) 
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DISCUSSION 


or. Lo 
our audience 
iderab 
would 


AINI srs 


\bout 


utilizi 


Pron 
© good ; tor aneur 


particular field of 


occlu 


clerotic and Burget obliteration 


taken into consideratior present 


would not operate on 
| 


today 


We have about one-third whe 


ion pretty oon after the oper 


’S% who showed obliteration a 


ifter the operation, and into 
\fter more than three 
have 174 grafts done 
clerotic and Burger’ 


certainly patent 


hetween a couple 
ifter the operation 
excellent clinical re 
as occludec 


no doubt about 


you 


above 


h 


verit 
roug! po 


incon ple te 
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in 120 Grafting Procedures 


Operations 
. 


Aortolliac 
Femoropopliteal 


Total 


congratulate tl ayists on then entations 


ted 


would 


pre 


Naturally, intere in what our end 


results are go and we could 


look into a « opera 


tion we will 
cal } 


We 


those 


Pom) tow 


have had better in our 


lia 


rafts performed in the 


reported here ton bor example, 


ot by past 


pa HOMO 
egmental occlusion 
only 6%, 


Q4%, are till 


years on patients with 


ot femoral arter 6, of have o 


cluded to date and &&, or function 


Ing 
autolo 


that 


In my opinion, there is no question that 


fous aphenou rafts are the best we 


vein 


have, but, unfortunately, they are not available in 


ufficient lengths or large enough caliber to use in 


the vast majorit ol cases 


I have developed a method, however, utilizing 


which | think 
the 


hort autoyvratt 


It 


iutogratt 


Segments of venou 
utili 


it 


COMSISLS 
by 


to obtain 


is worth mentioning here in 


zation ot a venou anastomosing 


to an arterial homograft ufficient length 
occlusive dis 
the distal 


therefore 


long segment of arterial 


to bypa 
The 


bec aus 


ease vein IS anastomosed to host 


irtery it is of finer texture and 


can be sutured to poor quality arteries than can 


thicker-walled arterial homograft 
it has 


the 
hy 
first 1s 


been possible this 
Ihe 
woman 


did 


neverthele 


To demonstrate wh: 


method, | will show you a few slides 


a femoral arteniogram ino an elderly with 


which | not 


but 


evere obliterative disease, one 


think I 
thought 


could put a graft in 
vetting 


kk Vv 


saphenou 


it wa worth an attempt, alter 


the patient's permission to het if at 


possible \ 
autogratt wa 

It 
ana 
the 
d to 
the en 


amputate 
6 


were not em, piece ot 


used a the distal 
in by 


Phe 


homogratt 


portion oO 
icle 


proximal part of 


vein 


the gratt was put the end-to tecl 


the 
al 4) 


nique ol tomosi 


grait wa arterial and wa 


artery of the 


lhe 


February, 


thre femoral 

l-to-sicle 
pertormed 

till 


the 


inastomose ommon 


by 


procedure 


host method operative 


1955, and 


the 


inl 
Phis 
limb 
the 


Wa 


the graft 1 patent lide illustrates 


ippearance of iffected before the opera 


tion, and the next one, ot it at 


this 

dorsalis pedi 
The 

method 


appearance 


time, and, believe it or not, there 1s a faint 


pul ation on the dorsum of her foot 
this 


next case demonstrates the success of 


utilizing the end-to-end technique of 


In thi 


even 


imnastomost patient, a homologous arte 


‘0 


49 


ra 


120 


Early Results Late Results 


Open Closed Open Closed 


10 
34 


7 49 
16 37 


42 


23 (19.1%) 76 44 (36.7%) 


rial implanted from the bifurcation of 


the 


grait Was 


the and 
10 « 


with a 


aorta down to above popliteal artery 


ection of autolo 


distal 


anastomosed there to a m 
end-to-end 
artery the host 


April, 1953, and 


gous saphenous vein, 


to the popliteal of 


anastomosis 


Phis operation was performed in 


the graft is still patent and functioning with good 


pulsations in the foot 


This slide 
xt the 


autograft, and the 


Phe 


end-to-end anastomosis 


shows the venou 


ne one, arterial homogratt popliteal 


artery shown with the with 
the 


The next 


autogratt 
slide 


severe obliterative disease 


venous 


shows the use of arterial homo 


grait in very nm a man 


aortic bifurcation homo 


his 


and 


in whom we inserted an 


graft, with anastomoses to external iliac and 


common femoral arteries, bypass arterial 


homografts down both legs to his popliteal arter 
ies. Such extensive grafting procedures have been 
possible utilizing the long arterial homografts im 
of 


planted with the end-to-side technique anasto 


MOsis 
Dr wit! 
700 


2580 


Coo.ey, Houston: Our experience 


arterial includes about 


170) 


peripheral arteries 


and grafting 


ot 


aorth 


Cases which were aortic grafts and 


were yratts ot or major ves 


For 


homologous arteries, but in some 


grafts have been 
50 « 
In 


ibe 


sels the most these 


part 
ases Various 
aliber 


be 


homo 


materials used large-« 


the 


syntheti were 
arteries, | 


the 


vessels, such as aorta and 


the synthetics good as 


but 


heve are 


vessels as the 


such 
he 


arterial 


small-caliber 
the 


gratts, in 


femoral arteries homografts may 
Phe all 
ments will occupy our interest for years to come 


We 


men 


superior 


ultimate fate of the replace 


have already collected a number of speci 


aortic homograft from patients dying as 


0) 


after usually from 


It 


elasti 


much a month operation, 
how 
sels 
de prec it 


ch: 


too 


occlusion has been 


1 the 


end 


coronary Surprising 


these ves 


rhe 


and 


well preserve coats of 


are of this period 


slight, 


at the 


fragmentation is relatively gros 


the preserved 
cle tail, 


to 


acteristi well 
The i 
I hope that other 
their 

Dr 


to make a 


ol grait are 


reported and 


be 


findings are being in 


will encouraged report 


too 
New 


broad comment 


experience 
like 
Dr 


York | 
on behalf 


DETERLING, would just 


lew ot 


McAllister, 


bined experience amounts to 


myself, whose 
200 cases 


trend 


We 


as demon 


Blakemore, and 


over 


have observed very much the same 
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strated ou | vapers ay, in that the result 


| 


with aneurys patency is concerned, 1 


umtormly good. Our worst results, 


functional success is concerned, are in 
peripheral thrombotic disease 
autologou 


When 


hneurysn | 


In my opinion, the vein is not 


graft used as short replace 


s for peripheral lon't deny that 


are all righ particularly in the popliteal 


artery Hlowever, [| have observed a 


high per 


thrombosis of long vein grafts used in 


occlusive diseases of the extremities, which is u 


contrast experience witl arterial homo 


grafts. My best result o far have been witl 
beheve 


method 


disease. In a personal group 


the homograft implanted 


i bypass | 
hat the bypass is 


uperior to end-to-end 
treating thrombotic 


over 25 cases followed up to 15 months, 18 


have pedal pulses. Of the remainder, three pi 


tients have warm pink feet but no palpable pedal 


pulses. Two had failure of the graft from the 


time of reoperation and 


Phe re 


In one case the 


operation, and in these 


use of a longer graft resulted in success 


have been three late thromboses 
gratt | beheve 
failures We 


syntheti 


occlusion occurred distal to the 


irteriography indicated in late 


have had in excess of 90 ca with 


gratts, and, as you might expect, the worst results 


were in patients with peripheral thrombotic dis 


Case 


h arteriography, 


i demonstr 


irteri segmental occlusiot 


l j 


wor peripheral vessel marticularly u 
I | l 


] 


region, one has little chance of lasting 


matter what kind ot 


New 


aterial 1 
Dr. Lorn, 


comme 


cannot help but opportunit 


the first and last time it ever 


curred to me, to out-do D1 


Compared with the 700 grafts 


probably had 55, but we do have a follow 


ot a patient who had a br 


unfortunatel 
1034 days 


an abdominal aorty 


after the msertion 
ineur 
four slides which we will 


The blacl 


THOSIS ie pt I | he 


arrows indi 
two white 


to area inecurysm One 


above | 1 he other in the 


Phi licle 


grait. Between 


opened pec 


two black arrow 
thin fibrin la iat did not interfere wit 
whicl 
leath 


Microscopi 


were ! 1 leet to 


litference 
cellular than the 


ver 





Surgical Management of Cervical Carotid Aneurysms 


JESSE E. THOMPSON, M.D., and DALE J. AUSTIN, M.D., Ballas, Texas 


\neurysms of the carotid artery in the 


neck are relatively uncommon, being less 


aneurysms of 
The 


bifurcation 


frequent im occurrence than 


the aorta or the popliteal artery trunk 


of the common carotid and its 


are the sites most frequently involved, while 


internal and external ca 
1,2 


incurysms Of the 


rouid branches are quite rare \neurysms 


of the intracranial portion of the internal 


common but are not the 
( arotid 


carotid are rather 
ubiect of thi 


like other 


paper ancurysis, 
traumati 


lattes 


aneurysms, are either 


or spontaneous, the etiology of the 


group being usually arteriosclerosis — ot 
yphili 
carotid 


Phe management of — cervical 


aneurysms in the past has been variable and 


not entirely satisfactory, as occasional re 


ports in the literature show. The exact sur 
gical treatment has depended upon the loca 
tion of the aneurysm, its size, the severity 
of symptoms, and the general state of the 
patient, In all cases, however, the basi 
problem has been the possibility of cerebral 
complications which can follow ligation of 
the common or internal carotid in the neck 


Multiple 


improve cerebral circulation have been used 


measures designed to test or to 


been 
The 


been 


over the years, none of which has 


uniformly satisfactory or accurate 


hazards of carotid lgation have 
weighed against the hazards presented by 
the aneurysm, and no. stereotyped surgical 


With the ad 


vent of recent technical advances in vasculat 


approach has been possible 


urgery, specifically the use of homografts 
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sO 


and vascular shunts, it would seem that 


many of the hazards feared by the older 
could be 
part 


surgeon lessened or even elimi 


nated in large Keach case must still be 
individualized, but it is to be expected that 
with increasing experience most of the cet 
vical carotid lesions can be managed satis 
factorily in a definitive 


We have had the 


patients with aneurysms of the cervical pot 


manner 
opportunity to treat six 
tion of the carotid artery. There were four 


at the bifurcation of the common carotid, 
one of the left internal carotid, and one in 
the trunk of the right common carotid, which 
was treated surgically but recurred and had 
to be reoperated upon. Tour patients were 
Their ages 
ranged from 42 to 77, with an average of 55 


All the 


with the exception of one, in which there 


women, and two were men 


years ancurysms were spontaneous 
was a possible relationship to trauma. These 
cases are grouped below according to the 


method of surgical management employed 


Report of Cases 


Wrapping with 
cellophane ) 
CASE | \ 42-year-old 


soreness in the left 


aneurysm fascur lata (or 


woman complained of 


side of the neck and pain in 


revealed a 2.5 


the left ear. Physical examination 
cm. pulsating 
at the level of the 
on March 20, 


lurcation was 


side of the neck 
bone At 
1954, an aneurysm of the carotid bi 


1A). It 


and wrapped with a strip of fascia lata. The wray 


mass in the left 
hyoid operation 


found (Fig was freed up 
around the 


bulb, 
included — the 


ping began common carotid 1) en 


proximal to the continued around the an 


eurysm, and proximal 1 em. of 
1B) 


produced 
ther 


the internal and external carotids (Fig 


Swelling in the area from reaction 


by the fascia presisted several weeks but 


When last 


operation, the 


gradually subsided examined, twe 


years alter patient was asympt 


and 


size and 


mati presented a carotid artery of norma 


pulsation It is of interest that this 





ition 


eur 


} 
ol 


mall meury 


bifurcation may be 


ther extirpation 
internal 


( irotid 


Sinee 
either ligation of the common 


external carotids or anastomosis of the 
mon and internal carotid 

yrait, it Na been fel 
al compheation ha 
four particula 


been done 


these 


ipping ha 
which ha been Tig 
ha en rel 


vn ptom 


tion produced by 


{ 


enlarged 
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ideal treatment; namely, resection through 
the neck of the sac with suture of the vessel 


Va wall without interruption of carotid blood 
a = 


; 8 flow. This is a curative method. In the case 


‘a 
eurysm reported the sclerotic vessel wall was rein 
‘ SA. forced with a wrapping of fascia lata. 

Resection of aneurysm with arteriorrhaphy and 
fascia lata wrapping followed by recurrence 
treated by aneurysmectomy and homograft re 

placement 
CASE 6 \ 48-year-old man complained ota 
mass im the right side of the neck of three 
weeks’ known duration. Six years previously, in 
an automobile accident, he sustained, among other 
injuries, a massive hematoma in his neck, whicl 
gradually subsided. Physical examination revealed 
a large pulsating mass in the right side of the 
neck just above the clavicle. At operation, on 
Jan. 19, 1956, a transverse incision was made low 
in the neck and the inner third of the clavicle was 
resected. A 96 cm. aneurysm was found involv 
ing the common carotid to within 2 cm. of its 
ce. bifurcation and 1.5 em. of the distal innominate 
artery (Fig. 3A). The mass was disected free 
of adjacent structures, and a De Bakey clamp was 


hig. 2A \rteriosclerotic saccular aneurysm on placed across its base parallel to the long axis of 
a tortuous internal carotid artery in a 77-year-old 

woman who complained of a pulsating cervical 
ma and pruritis in the external auditory canal and arteriorrhaphy was done with 0000 silk, pre 


the common carotid. The aneurysm was resected, 


serving carotid flow. The carotid and distal in 
be curative, this conservative method of nominate arteries were then wrapped with a sheet 
treatment seems justified and suitable for 
these aneurysms of the carotid bifurcation. 


Resection of aneurysm with arteriorrhaphy and 


fascia lata wrapping 


Casi \ 77-year-old woman had noticed a 
bulge in the left side of her neck for five years 
For one year she had had pruritis of the left ear 
Physical examination revealed a 4 cm. pulsating 
mass high in the left side of the neck At opera 
tion, on May 25, 1955, an arteriosclerotic saccular 
aneurysm was found arising from a tortuous 5S 
haped internal carotid artery by an opening 0.5 
cm. in diameter (Fig. 2A). ‘The aneurysm was 
lensely adherent to all surrounding structures. It 
was dissected free, a Petts clamp was _ placed 
across its neck, and it was removed. The «artery 
wall was then closed with 00000 nonabsorbable 
surgical (silk) sutures, without interference with 
internal carotid blood flow That portion ot the 
vessel containing the arteriorrhaphy wound was 
then wrapped with fascia lata (Fig. 2B). When 
last checked, 13 months after operation, the pa 
tient was asymptomatic except for slight hoarse Fig. 2B.—Diagram of the method of treatment 
ness and no abnormal mass was palpable of the aneurysm shown in Figure 2A by resectior 


Comment An occasional saccular ca arteriorrhaphy, and fascia lata reinforcement, wit! 
: preservation of carotid blood flow. Patient was 
rotid aneurysm occurs which lends itself to cured 


R? 
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big 4( 
edure carried out on the 
kigure 3A \ 
utured 
carotid 
flow 


Diagram howinw the second = pro 
recurrent aneurysm ot} 
arterial 


mmominate and the 


frozen homogratt wa 


between the common 
blood 


aneurysmal sac was re 


arteri with re carotid 
Most of the false 
ected and the orifice of the 


Wa closed by 


toration ot 


subclavian artet 
within the sa \ 
wall 
brachial plexus was left in situ 


trom 
posterior 


uture 


portion of the aneurysmal ove 


mige the 
continued, and the 


Oozing patient was 


ore transtusion He appeared to be dome satis 


died 


first postoperative day 


factorily when he suddenly, on the morning 


of the 
Chis case a failure 


Comment represents 


of arteriorrhaphy and fascia lata wrapping 
carotid with friable 


for a large aneurysm 


irteriosclerotic walls. It could have been best 
treated by removal and arterial grafting in 
the first than after it re 


instance rather 


curred The fatal outcome would probably 
not have occurred under these circumstances 
\s the patient had been tested for carotid 
occlusion prior to general anesthesia, it ap 
peared safe to occlude the innominate and 
the common carotid arteries for the length 
The 
patient exhibited no signs or symptoms of 
after died 


transfusion re 


of time required to insert the graft 


paralysis operation and most 


probably as a result of a 


R4 
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action. In cases of large fusiform carotid 


aneurysms or those saccular ones with wide 
necks, it is suggested that aneurysmectomy 
restore carotid 


with graft replacement to 


flow, following a preliminary carotid ox 
clusion tolerance test, is the procedure of 
choice, Adequate exposure is necessary and 
may require resection of the clavicle, median 


sternotomy, and intercostal incisions 


Review of the Literature 


The 


carotid 


Carotid Ligation definitive man 


agement of cervical aneurysms, as 


with other lesions involving the carotid arte 


ries, has been intimately associated with 


the hazards accompanying ligation of the 


carotid artery, either the common or. its 


internal branch. Ligation of the external 


carotid poses no problem. One cannot with 
since ex 


that 


impunity interrupt carotid flow, 


perience over many years has shown 


hemiplegia or death will follow in a certain 
number of cases. Ambroise Paré published 
the first account of operative ligation of the 


) 


common carotid in 1552. His patient devel 


° The 


of cerebral complications varies 


oped an aphasia and a ‘*ft monoplegia 
incidence 
considerably in the series reported, because 
of the Pilcher 
in detail and 


many factors involved and 


‘ 


surveyed the literature 


that 


huss 


concluded occlusion of a common ca 


rotid artery will be followed by definite 


symptoms re ferable to the brain in probably 


20% to 30% of cases. Homans reported 


a fatal case and in a review likewise con 


cluded that 


Watson and Silverstone * have given an his 


carotid ligation is hazardous 


torical survey of the subject and have re 


ported a mortality of 50% in a series of 


their own patients having the common ca 
head 
" reported a 7% mortality from 


stated that 


¢ 


ligated for cancer of the and 


Matas 


carotid 


rotid 
neck 
common ligation and 
three additional patients were rescued from 
coma by the use of removable metal bands 


Warren * believed 


ligation carried too prohibitive 


Lahey and that carotid 


a morbidity 
and mortality rate to be justified in surgery 
Pwo re 


of carotid body tumors cent reports 
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favorable results 
Thus, 


series of 19 ligations with no complications 


have given more from ca 


rotid ligation Rogers ® reported a 


All of these patients had undergone a period 


of temporary occlusion as a test procedure 
Haves 
cases of carotid ligation with no deaths and 
latter | 


resulting 
mary internal carotid ligation 


Steelman ind Rizzoli® reported 14 


1 hemiplegia, the 


g from pri 


lhe procedures which have been used in 
in attempt to prevent cerebral complications 


following carotid ligations and the reasons 


underlying each of them have been dis 


cussea in detail by Dorrance.!® Some of 


these have been test of adequate cerebral 


flow, whereas others have been 


measures 
cerebral collateral cit 

Matas test ha 
Here the 


manually and the patient’s tolerance 


designed to increase 


culation. ‘The been used 


extensively carotid ts compressed 
noted 
\ false test is sometimes obtained because 
\t othe 


the artery is not completely compressed and 
i false 


of a sensitive carotid sinus times 


sense of security results. Again, a 


he miplegia may result several days after ca 


rotid ligation when the tolerance test was 


satisfactory \n actual operative 


low al 


OC( lusion for 


( Xposure 


of the carotid under anesthesia with 


complete temporary 20 to 30 


minutes has been used by some 


with sue 


Dandy MM 


tic ularly, fascial bands to occlude the carotid 


used metal bands and, par 


partially and so promote cerebral collateral 


circulation. He reported success with fascia 
lata ligation in 30 cases for the treatment of 
intracranial carotid aneurysms 

\nother method 


and promote 


attempting to maintain 
an adequate cerebral circulation 
has been ligation of the carotid in 
Thus, the 


and then the 


stages 


common carotid is first ligated 


internal carotid, days to weeks 


later.*'9 The rationale of this operation is 
that after common carotid ligation blood will 
flow from the external to the internal carotid 
data of 


so to the brain. However, the 


Sarnott 


and 


sweet, and Bakay,'” direct 


trom 
do not cor 
Neverthe 


when in doubt 


intraarterial manometric studies 


roborate this clinical impression 


less, thev too conclude that 


and without the pressure-measuring device 


it 1s probably safer to ligate the common 

carotid than the internal 
Reasoning along these same line Conley 

Pack !* have 


internal carotid artery 


and anastomosed the external 


to the in four elderly 


o be 


Phere 


patients in whom the carotid bulb had 


sacrificed in the removal of tumor 


were no complications and no death 


Shea 15 has recently had the opportunity 


n two cases to anastomose directly the con 


mon to the internal carotid after resection 


of the carotid bifureation and so rest 


ore 
carotid flow Roth ol the s¢ 


ssful 


ope rations were 


sucee 


Denman '* has resected thrombosed seg 


ments of carotid arteries and restored con 


tinuity by means of a homograft between 


ie common and internal carotids on the 


left and between the common and external 
carotids on the right side of the same patient 


Thus, the technical problem urround 


ing lesions involving the cervical portion of 
the carotid arteries may best be surmounted 
either by direct anastomosis or by homograft 
This of 


hazards 


restoration of arterial flow course 


has no bearing on the attending 
carotid ligation for the management of intra 
cranial aneurysms, but it does have implica 
tions for the surgical treatment of cervical 


body 


cancer of the 


carotid aneurysms, carotid tumors 


arteriovenous fistulae, and 


neck, The tolerance tests which have been 


previously employed find great usefulness in 
allowing one to determine the length of time 
may be safely occluded 


a carotid during 


which time an anastomosis or a graft may 
be done 
Surgical Management.—Surgical manage 


ment of cervical carotid aneurysms ha 


aried considerably in reported cas a 
\ccurate 
ble because 
Method 
Mata 

lohnsor 


methods have in 


have the results of such treatment 


tatistical evaluation IMpos 


of the infrequency of the lesion 
of treatment have been reviewed by 
Reid.’ and 
ind Donald.!* 
(1) 


ligation, (3) 


more recently, Kirb 


( perative 


cluded proximal ligation 


proximal and distal ligation 


with incision, (4) extirpation (5) gt idual 





obliteration with metallic or fascial bands, 


(6) endoaneurysmorrhaphy, and (7) re 
section with anastomosis. 

Proximal ligation has been the most com 
method.’* Sir Astley 


is credited with having done the 


monly employed 
Cooper 
first common carotid ligation for aneurysm 
in 1805.4 


poor! 


Results of this operation have been 


however, Reid,' in’ reviewing the 


John Hopkin 


cases in 1926, reported only 
6 cases cured among 13 treated 
Iextirpation with carotid ligation has given 
curative results when not accompanied by 
the cerebral complications attending such 
ligation. Shea! has recently reported a case 
in Which the aneurysm was excised and ca 
rotid blood 


anastomosis of the 


flow restored by end-to-end 


common and. internal 


carotid arteries. Such a favorable circum 


tance arises infrequently, however. Resec 
tion with arteriorrhaphy has been employed 
and De 


for resection of aneurysms of the 


19 


by DBahnson and by Cooley 


Bakey “° 
thoracic aorta and is applicable to certain 
carotid aneurysms. Mahorner and Spencer #! 
have reported the establishment of a shunt 
to the 


carotid without interruption of carotid flow 


graft from the innominate common 


prior to resection of an aneurysm involving 


the innominate, carotid, and subclavian 


Such 


ported by others ** in resection of aneurysms 


arteries shunts have also been re 


of the arch of the aorta. 
Fascia lata has been employed success 


fully for carotid ligation '! and for wrapping 


of aneurysms in other areas.** A dense mass 
of connective tissue forms around the fascia 
and prevents the artery from reexpanding 
even if the fascia disintegrates 

Surgical Approach 


the internal carotid and the carotid bifurea 


For aneurysms of 


tion, transverse or vertical incisions in the 
lor 
trunk 


those that also involve the innominate artery, 


neck give adequate exposure. large 


aneurysms of the common and for 


a wider exposure is needed. Resection of 


the inner third of the clavicle, as outlined 
by Elkin and Cooper,** greatly improves the 
exposure and may be all that is necessary 
When the mediastinum 


superior anterior 


86 


A. M. A. ARCHIVES OF SURGER) 
must be exposed, then the sternum can be 
split and the third intercostal space incised, 
as described by Elkin *° and Shumacker.*® 
At times a combined cervicothoracic ap 
proach is necessary in order to effect prox 
distal 


has 


and control of the lesion.?? 


28 


imal 


Gage described a case of common 
carotid-jugular arteriovenous aneurysm in 
which a transpleural approach was necessary 
to control the proximal arterial supply. One 
cannot overemphasize the necessity of ade- 
quate exposure in dealing with large low 


lying carotid aneurysms. 


Comment 


There is general agreement that ligation 


of the common or internal earotid artery 


carries an unpredictable but definite hazard 
This 


the basic one determining therapy of carotid 


of hemiplegia or even death, fact is 


aneurysms, In small aneurysms of the ca 
rotid bifurcation in which the likelihood of 
rupture appears small, radical therapy in 
the form of excision has not appeared to be 
justified. These lesions, however, are often 
symptomatic, may progress, and hence re 
quire therapy. Pain in the ear is a frequent 
complaint, probably mediated over the 
glossopharyngeal nerve. Wrapping of these 
lesions with fascia lata carries no risk and 
appears to be effective in relieving symp 
toms, reducing the size of the aneurysms, 
and preventing progression, as demonstrated 


With 


grafts now readily available, these may be 


by the cases reported here vascular 
resected and grafted, but the risk of cerebral 
damage, though small, will still be present 
If, as time goes on, some of our bifurcation 
aneurysms which have been wrapped recur 
or enlarge, then resection and grafting will 
have to be done. 

The larger aneurysms of the common and 
internal carotids should be treated by re 
section if a cure is to be obtained. Ligation 
of the vessels followed by excision is cura 
but risk 


aneurysms with a narrow neck may be re 


tive carries a definite Saccular 


sected and arteriorrhaphy carried out. The 


sclerotic vessel wall may be reinforced by 
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fascia lata wrapping. Arteriorrhaphy with 


fascia lata wrapping for large aneurysms is 


friable 
technical difficulties in 


probably not wise, because of the 
arterial wall and the 


volved. In an occasional case circulation 


can be restored by direct end-to-end 


anastomosis, but in the majority grafting 
Much time can 


be saved if the graft is first inserted, either 


will probably be necessary 


end-to-end or as a shunt graft, and. that 


portion of the aneurysm which can_ be 


safely removed is then resected, any vessels 
being treated by endo 


entering the sac 


aneurysmorrhaphy. This is a well-established 
principle in aneurysm surgery and applies 
particularly well in the neck, where disse 
tion may be extremely difficult and dan 
gerous 

carotid ov 


le ( ide 


carotid o 


Though not infallible, the 


clusion tolerance test will help one 


whether the patient can stand 


clusion. The judicious use of this test com 


bined with aneurysmectomy and arterial 


grafting should reduce the risk to a very low 
level and the results of 


mnprove therapy 


in carotid ane urysms 


Summary 


Che 


aneurysms 


surgical management of carotid 


in the neck 1s reviewed 
The hazards associated with the treatment 
of these aneurysms stem from the cerebral 
complications of carotid artery ligation 

\ series of six patients with cervical ca 
rotid aneurysms is reported, three methods 
of treatment having been used 

(a) Four aneurysms of the carotid bi 
bifurcation were wrapped, three with 
fascia lata and one with cellophane, 
with relief of symptoms and curative 
results 


\ saccular 


carotid was cured by 


aneurysm of the internal 


resection and 


arteriorrhaphy with preservation of 
carotid flow 

\ large aneurysm of the common ca 
rotid was treated by ancurysmectomy 
and arterial grafting between the in 
and the carotid 


common 


nominate 


arteries after a previous operation of 
resection, arteriorrhaphy, and fascia 
lata wrapping had failed. The patient 


died, 


with no 


with a functioning graft and 


evidence of cerebral 


com 


plications 


Conclusions 


It is recommended that small symptomatic 


aneurysms of the carotid bifurcation be 


treated by fascia lata wrapping 

Resection with restoration of carotid blood 
flow is the treatment recommended for other 
This can be done by 


carotid aneurysms 


arteriorrhaphy, end-to-end anastomosis, o1 


arterial grafting 
Che 


helpful in determining whether the 


carotid occlusion tolerance test is 
patient 
can tolerate carotid occlusion long enough 
fora graft to be inserted 


1008 N. Washington Ave 


DISCUSSION 


Houstor Lexa 


doubt i to the 


De. Denron A. Cooney, 


though there may be some 


of hypothermia in cardiac because of « 


tain inherent limitations of the method, I beleve 


that hypothermia has a definite place in protecting 


the central nervous system from ischemic damage 


during temporary interruption of circulation. It i 


surprising how few reports are available concert 


ing the use of hypothermia to protect the brain 


carotid arter Several 


Robb, of | 


lisease involving 


during operation on the 
Charles 


ot arterioscleroty 


‘arTS ALO Dr ondon, had a 


occlusive 


the common and internal carotid arteri whicl 


was successfully treated undet 


hypothermia. Re 
cently, | operated on a patient with partial carotid 


occlusion and obtained an excellent result using a 


temporary by-pass shunt. Perhaps a combinatior 


of hypothermia plus shunts is the most effective 


means of protecting the brain during temporat 


carotid occlusion. [| am sure tl Dr. Thompson 


would agree that if the brain could be protected 


from ischemic damage that tl ost definitive 


method of treatment in 
the carotid is segmental 
graft replacement 
Dx. ROSENBERG 


just like to 


Highland P 
slice 


pattern 


show one 


collagen weave derive 


ources. On the left we see 


from a_ rabbit tained witl 


graphed from above 


fiber rium in pat alle bia 





a purified collagen net 
We ce 

with a lot of crisscrossing ot 

bers, a might conceivably 


under tl e of tresse 


bear up 


better 
ormal 
Dk. Jessi 
ould 
Cool WL fh 


found in the 
arter 
| HOMPSOD 


Dalla 
like te ni ie ¢ 1 I 


lexa 

think Dy 
pothermia is a very good 
large and difficult aneurysm 


exhibited \ 


wrapping 1 not 


patient brought 


ideal therapy, but 
patients who are not in dire 


circun tance We 


W rap 


reported 


hesitated to ta iny appreciable risk 


is certain) i ind in the cases 
indeed date Dime 
tell whether , ll have to modif the 


will 
pro 


cedure 
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The Use of Arterial Implants Prepared by Enzymatic 


Modification of Arterial Heterografts 


Il. The Physical Properties of the Elastica and ( 


Arterial Wall 


NORMAN ROSENBERG, M.D., Highland Park, N. J.; JOHN HENDERSON, M.D.; 


llagen Components of th 


JOCELYN F. DOUGLAS, 


Ph.D.; GEOFFREY H. LORD, D.V.M., Ph.D., and EUGENE R. L. GAUGHRAN, Ph.D., New Brunswick, N. J. 


In a previous report! the use of enzyme 


digested heterografts as arterial substitutes 


Was ce bl ribed Bo Ine arterics Were strippe d 


of most of their parenchymatous proteins 
by controlled enzyme action, leaving a tubu 
lat prosthe Sis composed mostly of collagen 


These 


Lortie 


tubes were implanted into dogs a 


substitutes with the hope that, with 


most of their immunologically reactive pro 


teins removed, the implants would be better 


tolerated by the host while yet maintaining 


their effectiveness as arterial substitutes 


Short-term observations (up to one year) 
seemed to corroborate this hypothesis 
Since the advent of arterial grafting and 


the blood vessel bank, the 
that the 


concept ha gained 


acceptance integrity of the elastica 


to the strength of a graft 
olde 


hypothesis In 


greatly contributes 
literature 1 


1939, by 


However, much of the 


Oppose d to that 


ingeniously calculating Young's modulus 


for different weight applications, Krafka #4 


was able to show that moduli obtained for 


Submitted for 1956 


Meeting ol 


Internationa 


publication July 6 


Presented at the Fourth Scientific 
the North 


Societ ot 


American Chapter of the 
Angiolog 
Vascular Services of 


eral Hospital, St 


, Chicago, June 9, 1956 
Middlesex 
Hospital 


dation 


From the Gen 


Peters General 
the Johnson and Johnson t 1 Foun 
New Brunswick, N J 

* Young's 


usually 


modulus is a coefficient of elasticity 
expressed as the number of dyne per 


100% 


consideration 


elon 


The 


square centimeter required to produce 


gation of the material under 


higher the modulus, the yreater the re 


stretching forces For further inf 


Krafka** and Burton.® 


the collagen component of the irterial wall 
were very high when compared with those 
found for the musculoelastic portion, 1, ¢ 
eral hundred time 


tretch Le also 


the collagen pre ented se 


as much resistance to 


howed that sclerotic senile aorta had a much 


higher modulus than nonsclerotic aorta 


higher collagen content 
Hass * 


formic acid and was able 


owing to its 
In 1942, 


with 


extracted aortic ring 
to obtain an 
fiber 


tained, looked histo 


intact purified network of  elasti 


This, when fixed and 


logically lke unaltered elastica and showed 


i high degree of extensibility on stress with 


return to almost its original dimensions 


when the stretching force was removed 


However, Hass’s elastica rings were weak 


rupturing under stresses averaging 80 gn 


while untreated rings tool iny pounds of 


pull before giving way 


Using data compiled from iriou 


source Burton ® attempted an explanation 


of the roles of the elastica and collagen when 


visualized as separate entities and when op 


erating in combination in the intact artery 


He graphically showed the ability of the 


elastica to elongate under minimal load and 


the marked limitation to arterial eXpansion 
applied by the collagen after 


missible had 


1 point of pet 
tretch been re iched 


Method 


illagen” T ube 
re moved ir 


adheres 





tandard 
0 ot 
running watet 


by hi 


resulting 


ind 


trimmed 
he 


were 


ind 


perfluou 


further 
matter 
placed 


1% 


unly of collagen 


hardened by immersion 
i After 
tored 


the 


he were employe 


thorough ling 


of 
O% 


Wa 


ale ohol 


in 
handling qualitie 
d's 


proved 


arterial 


nlity that formalin 


the 


influence 


Wi 


treatment 


accept po s) 


may or alter a number 


the physical of collagen, and 


ol properties 


duplicate studies are being carried out to 


determine the behavio of less drastically 


treated 


“} lasty "i 


preparation 
Hass cle 


preparation Ol a 


Pri parations 
for the 
elasti 


with 


cribed a method 
al 


His 
the 


practically pure network from 


teries by extraction formic acid 


were reported to show 


preparation 


typical histological and staining character 


tir arterial elastica as well as physical 


ol 


properties of great extensibility and retrac 


Thi 


Was 


tility following modification of his 


with appropriate 


method emplo ed, 


1hite rOsScopl control 


tow one hi 


| t | | 
cleaned arterial rings were pl 


lf 


tor a Whitar 


the ! 
Qe 


hour at vom temperature ane 


xtraction in a 


18 hours at 


in ether period | 


forme acid was then carried out tor 


SS ¢ 


( 
O% 


The re reparations were stored i 


' } 
In another, less crastie, 


4 


ilcohol 
approach, an at 


tempt was made merely to weaken and pat 


tially t away. the 


ru 
a ye 


oO) 


collagen and muscle 
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Fig. 1 ( 


( ollagen 


TOS 


ippeal 


ance ol tube 
under 


Note 


adventi 


(ficin preparation ) 


low magnification 


cross weave ot 


tial fibers 


by treatment with acetic acid and papain, 


without trying to achieve a “purified” type 
Histological examination 


of preparation 


after treatment revealed considerable frag 
mented muscle and swollen altered collagen 


The 


peared normal and, it was hoped, less altered 


to be present elastica, however, ap 


by the relatively mild treatment 
In 


were 


this technique, the stripped arterial rings 


MM for 2 


placed in 1.2% hours at 


acetic acid 


room temperature prior to being dropped in boiling 


Phe 


three |, 


then 
37 


water for 30> second were 


murs at 


and pH 


s()¢ t 


with 0.5% for 
0 After 


ilcohol 


papain 


washing, the rings were stored in 


consisted of cleaned arteria 


C ontrol 


tored 50% alcohol 


Tl 


eygment 
Tensile 
were 


1 


Procedure he arterial seg 


ting 


ments cut into ! ! » em.) circula 


rity diameter ol e% recorded, a8 Wa 


showing 


of Hass 


Fig ?— Microphotograpl purifier 
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hig Stress curve of beef carotid arteries 
Illustration of typical tension curves obtained with 
the Thwing-Albert Electrohydraulic Tensile Tester 


papain-treated (elastica type) preparations 


Curves prepared from formic-acid-treated 


arteries gave tracings very similar to those 


from the papain group and are not illus 
trated 

The control tracing, or that for the intact 
artery, appears in Figure 5A and is similar 
to a composite of the collagen-type and the 


elastica-type tracings. There is an_ initial 


period of fairly rapid elongation under only 
tension until a critical 


slight increase in 


point is reached, after which, despite steady 
increase in the force applied, the elongation 
The 


peaked top of the curve represents several 


per unit stress 18 not great twin 


phases of dehiscence as the vessel wall frays 
Rives 
collagen-type curve 


out and finally 
Phe 


the ficin-treated 


Way 
obtained from 


artery (lig. 52) differs 
from the control tracing mainly in the lack 
of a significant initial phase of elongation 
Instead, resistance to clongation develops 
very early in the tracing, and the curve rises 
steeply rom. this point on, however, the 
tracing mimi 

The 
(hig 
control curve, with small increases in load 


that of the intact artery. 


clastica-type curve depicted here 


5C’) minics the initial portion of the 
producing increasing elongation. Rupture 
occurs suddenly and cleanly. Curves taken 
from some specimens demonstrate an even 
greater ability to stretch prior to rupture. 

The 


to the first point of stress was plotted for 


Elongation percentage elongation 


six bovine carotid artery pairs. Readings 
were taken from contiguous arterial rings 


subjected to ficin, papain, and no treatment, 


g2 
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respectively, and were plotted for each set 
of vessels. The results are shown in Figure 
6. The great variability among vessels from 
different donor animals is well illustrated, 
pointing to the need for comparing the 
results of treatment on segments taken from 
the same animal, 

did 
any great extent, for reasons given below. 
the 


Ficin-treated tubes not elongate to 
other 


marked 


ability to stretch compared with controls, 


The papain-treated vessels, on 


hand, showed in some vessels a 


while in others this phenomenon was less 
marked. The 


creased extensibility. 


indicated some in 
The this 
variability are being sought in further stud 


averages 
causes for 
ies to evaluate the effects of age of the donor 
animals on elastic behavior of vessels (some 
of the old 


brought to slaughter) and to assess further 


arteries were from milk cows 


other variables which may be involved in 


this particular digestion process. 
factors are 
the 

collagen tubes. 


Three probably operative in 


extensibility of  ficin-treated 
The first 


ment, which, while employed to improve the 


limiting 


is formalin treat 


handling qualities of the material for em 


ployment as arterial grafts, contributed to 


its rigidity by cross bonding the collagen 


fibers to each other, 1. e., unformalinized 


tubes are somewhat more extensible. Sec 
ondly, treatment with ficin, by destroying 


most of the elastica and muscle, permitted 


1 f ., 
ie 
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Per cent elongation 
results obtained 
numbered along the 

represent the mean values 

enzyme treatment 


Fig. 6 
dep t 
pairs, 
bars 


The scattergrams 
carotid artery 

The shaded 
for each type of 


irom six 
abscissa 





ARTERIAL IMPLANTS FROM HETEROGRAFTS 


considerable spontaneous dilation of the ar 
terial ring even before the application of 
any stressing force. Finally, collagen itself 
is a relatively unyielding material when 
compared with elastica. This is demon 
strated by its high Young’s modulus. 
Breaking Strength and Tensile Strength 
Figures 7 and 8 and the Table provide 
information on breaking strength and tensile 
strength of ficin-treated and control prep 
arations. Most observations were made on 


bovine carotid prepurations. A few tests 
carried out on bovine and human aorta are 
also included and follow the pattern set by 
the carotid studies. 


BREAKING STRENGTH (ibs) 


CONTROL 








oly 
Tr 


Fig. 7.—Breaking strength. The breaking 
strength for six carotid artery pairs is shown 
The shaded bars represent mean values for each 
type olf enzyme treatment 


TABLE 1.—Stress 


Artery l'reatment 


Cow 
carotid 


Control (¢ 
Ficin (F 
Calf Cc 
carotid 
k 
Cow ( 


abdominal aorta 


Calf 
abdominal aorta 


Calf 
thoracic aorta 


Human 
thoracic aorta 


* Tensile strength, lb./sq. in 
*t Breaking strength, Ib 


Determinations 


It is seen that the breaking strength of 
the intact artery is greater than that of the 
collagen tube, but when adjustment is made 
for difference in wall thickness, as is done 
in the calculation of tensile strength, the 
results for each preparation become com 
parable Tensile strength could be deter 
mined with fair reliability only for collagen 
and control preparations. Our formic acid 
preparations of carotid elastica broke under 
only a few tension 


grams of (averaging 


Bergin 
TOO: 


CONTROL 
i} 











456 123 #456 

Fig. 8.—The tensile strength in pounds per 
square inch is shown for six carotid artery pairs 
The shaded bars represent mean values. It is 
seen that figures for ficin-digested arteries and 
control vessels are comparable 


Studies on Arteries 


Elongation 


G 





about 20 gm.), and our observations here 


were not numerous enough for significant 


conclusions to be drawn. There is only 5% 


to 12% 
termined by estimation from Verhoeff-stain 
Has 


human 


elastica in a bovine carotid, as de 


preparations measurement 
( 35% 


intend to repeat those ob 


were 
made on elastica tis 


4.5 


aorta 
ue), and we 
servations 
Papain preparations could not be used 
for tensile strength determinations, since the 


thickne of the elastica layer could not be 


accurately measured in such 


incompletely 


dige ted material 


Comment 


Collagen makes a major contribution to 


The ela 


tica, while playing other important functions 


the trength of the arterial wall 


in the normal artery, does not seem to have 


as high a resistance to extensile forces 


In arteries such as the femoral and carotid 
the elastica constitutes so 


of the thickne 


mall a percentage 
of the vessel wall a 
likelihood of it 


to fur 


ther le en the 


contributing 


n major fashion to vessel strength \gain, 


in these vessel we find much of the elastica 


disposed longitudinally in the adventitia in 
such fashion a 


than those 


to counter ¢ longation force 


rather of distention 


Our tension curves do not duplicate ex 


actly those 


illustrated in the literature. How 


ever, it doe cem as though avascular 


implant COMpo ed solely of elastica would 


dilate to several time if resting diametet 


under increasing. stre with very little ef 


fective barrier to dilation and 


mMeurysm 
Burton ® has 


to 10 


formation being provided 


tated that elastic fibers are actually 


extensible than rubber 


No one can 


elastu 


time more 


deny the importance of the 


muscle in the normal ving 


the 


apparatu 


irtery, where ystolic thrust 


it damp 


of the heart and levels off the pressure curve 


throughout the cardiac cycle. However, in 


an arterial implant it ts 


that 


not necessarily true 


without elastica or elastic behavior the 
that 


the 


preparation is not useful one, o1 


integrity of the elastica is essential to 


Q4 
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strength of an arterial graft. It is well 


known that elastic behavior is soon lost in 
initially elastic implants either because of 
the ensheathing of the implant in unyielding 
host because of later 


connective tissue or 


degenerative changes in the elastica—phe 
nomena commonly observed where homo 
grafts are employed. Only in an autograft 


Is permanent preservation of arterial ele 
ments and behavior possible 
Collagen rings of arterial origin are not 


this bear 


and in 
the 
35% 


and in length when compared with their 


very distensible respect 


some analogy to senile aorta. These 


rings are about greater in diameter 


pretreatment measurements, indicating that 
in the intact empty artery the spring-like 
pull of the elastica keeps the collagen from 
full The the 
collagen tube to the nonatheromatous senile 
the 


with 


extension resemblance of 


artery becomes further from 


fact that the 


apparent 


loss of elastic behavior 
age is very similarly associated with dilata 


Hallock 


noted a 39% distensibility in a 


tion and elongation of the vessel 
and Benson ? 
20-year-old-aorta subjected to 200 mm. Hg 
80-year old 


unde 


intraluminal pressure, while an 


vessel stretched only 5% similar 


stress, partly because if 


stretched or 


was already 


dilated and partly because it 


was sclerotic or, one might say, ‘“collagen- 


ized.” 


\ concept of the behavior of the colla 


genous and elastica elements of the arterial 


wall at rest and under stress is illustrated 


summarizes information 
the 


were 


in ligure 9 It 


obtainabie from literature as well as 


observations we able to make in its 


support In the empty state an 


and the 


resting 


artery 1s contracted by muscle 


spring-like action of the elastica. In diastole, 
the stress applied to the vessel wall may 
still not distend the vessel to the point where 
diastol 


othe 


the collagen is taut Phe 
load, if 


pre ssure 
still be 
Whe n 


Increase 


low, may, in words 


born by the muscle-elastica system 


the artery is further distended by 


in the intraluminal pressure, the collagen, 


stretched and relatively undistensible, offers 


the main resistance to the force applied 
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ARTERY 
OISTENDED 


[he 


onaygen weakened oT 


vould be ¢ ipable of being fu 
We have prepared collagen tubs 


ClIZYVI 


to such 
are nece 


1 pl int 


Summary and Conclusions 


Phe phy ical characteristics of the elast 


ind collagen components of the 


have been investigated 
Collagen derived from 

digestion highly re t 
chanical stress It ippears lo have 
greatest tensile strength of the 
substance making up the intact artery 


Purified elastica possesses the proper 
of extensibility and retractibility but 


} 


relatively weak substance 
The fact that elastica 
recognizable form 


may unduly exaggerate the 


homog1 ift 
to the integrity 


portance of this layer 
strength of the graft 


\ve 
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A Preliminary Investigation of Dermal Heterografts 


(Leather) as Prostheses for Vascular Defects 


C. FREDERICK KITTLE, M.D., and CARLOS TAQUECHEL, M.D., Kansas City, Kan. 


ince the advent of blood-vessel resection 


in surgical procedures, methods of restoring 


vascular continuity haye become of para 
uch methods have been 
indeed are. still 
Phat the 


prosthe is has not yet 


mount importance 


numerous and varied, and 


the ubject Ol con ile rable tudy 
ideal 


realized ] 


vascular been 
ted by a review of the 
that have 
fault \ 


partial list of nonviable materials that have 


up ge 


diverse and sundry substances 


been employed and their variou 


been utilized as vascular prostheses includes 


19,26 


magnesium ivory,”” aluminum,®* gold 


tubes with 


5,24 


plated metals,?% ilver 


coatea 


23,854,565 siliconized = rub 


paraffin, glass,® 
ber," absorbable fibrin, and stainless steel.! 
More 

toward 
Teflon,” 
18,7,28,37 


recently attention has been directed 


such as 
Dacron,7 Orlon,'5:41.17 


synthetic materials 


Saran,’ 


plast i 


Luc ite.” 16 Vinyon,***! 15,13,7,8,36 nv 


90,51,20,,57 59 formalinized 


lon, polyvinyl 
sponge (Ivalon) ,'*7.44 9,13 


23 


and polyethylene 


Numerous varieties of fresh, fixed, or 


frozen vascular auto-, homo-, and hetero 


grafts have been used. In the majority of 
these substitutes criticism has been directed 
toward one or more of the following: avail 
ability, rigidity, thrombosis within the graft, 
inflammatory response by the host tissues, 
and the development of calcification Un 
doubtedly it will be many years before uni 
versal agreement ts reached regarding the 
substitute 


ideal vascular 


Numerous their 
both 


listed 


investigators reporti 


uo 
Ip 


experiences with vascular restoration 


experimentally and clinically have 


The Department of University of 


Kansas Medical Cente 
Fourth 


Surgery, 


Presented at the Scientific Meeting of 
the International Society of 


1956 


Angiology, Chicago, 
June 9, 
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various criteria for successful vascular 


prostheses, In general these are concerned 


with availability and ease of fabrication to 


the particular size needed, the ease of su 
turing, the tolerance by the host tissues with 
t minimal inflammatory 


desirable, the lack of 


reaction being most 
systemic toxicity, the 
lack of calcification in adjacent tissues with 


ensuing years, their durability, and their 


pliability 

We have recently become interested in the 
feasibility of employing some type of leather 
as a vascular type of prosthesis. The present 
study is concerned with our initial efforts 


in this direction. We were attracted to this 


substance because of its durability, pliability, 


and availability. Since it ts an inert animal 


tissue it should be well tolerated and have 


no noxious effects apart from the chemicals 


used in its preparation. In this discussion 


we shall present our preliminary observa 


tions with chamois, skiver, and lambskin 


Methods 


Chamots This is defined in a standard text™ 


regarding leather manufacture as, “Leather pro 


duced from pickled sheepskin fleshers by tanning 


with cod-liver oil.” (A flesher is the sheepskir 
removal of the 
follicle layer. By 


as the thermostat 


after skiver or har 


grain layer or 
tanners this part is referred 
layer of the sheep kin in d 


tinction to the reticular layer or the dermis 
lo prepare chamois the main 


pic kled 


with brine) are 


steps are as ivl 
lows 
chiefly 


sheepskins (sheepskins mixed 
washed in running water 
to remove the salt Subsequently they are pressed 
hydraulically to 


After 


express the water and grease 


drying they are again mixed with water 


in a drum and then individually passed through a 
splitting machine which removes the grain or hair 
follicle layer from the flesh layer. The grain 
layers are called sheep skivers while the flesh layers 


are used to make chamois 
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ers are then mixed in a drum with 
liver oil for several | 
oil distributes its 


id penetr 


hung 


ictions, 
take place between 
A second drum mi ois was sutured to tl 
i: continuous 0000 nonabsorbable 


uture \ soon s the uturing 
are produced plete 1 tl ven aval tape were 
whale, shark 


n } 
mac! 


few an additional were needed t 


ines along tl ircumferential suture 


ment with 
hamor 
River 
laver of rom 
is termed sheep sl f is la i rbabl ins \ y itur dogs 
split from the 
tannins compo 
ulfonie acid 
in, durable 
hatbands, bool 
Lambskin Phe 
with water, kerosene 
Chis mixture 
] 


mixed witl 


prepatr the 


cending 


iwation 


and 
thoroughly with soap 
by immersion for 24 
benzalkonium ( Zephiran ) 
Leather 


skiver 
preparation 
tables 1 
streptomycin 

Right Ventricular 
gen wa administere 
ventilator after intravenou 
barbital ( Nembutal) 
in six dogs throug! 
pericardium opened 


phrenic nerve Ay 
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Results 








fa ; 
j ; 
TU UE EE Cd Gy EC Ee CL 
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Fig. l—a 
depression ot 


Dog 19, thoracic aorti 


the wall in the area oft 
thoracic aort 
patch and to some 
grait alter K3 day 
the graft is noted Observe the 
adventitia. d, Dog 35, the 

had been covered b 


chamoi patch, 43 da 
extent the ilk 


(Coverage ot the 


uture 
wratit 
fibrous 
( hamoi 


ywacic aort 


endothelium; a 


Che thickness of the 


varied “as the 


adjacent normal tissue 


fibrin layer degree of 
wrinkling, the fibrin being thicker in a deep 
Phese 
upported by 


In the grafts that 


wrinkle than elsewhere gross ob 


servations were subsequent 


microscopic examinations 


were oldest the luminal side of the chamoi 
was completely covered with glistening endo 
Iexternal to the there wa 
thick (2 to 4 


ue corre ponding to the adventitia 


thelium pratt 


a moderately mm.) layer of 


fibrous ti 
(| iv l,c and d) 
were done in nine of 


om l } 


were 


hifteen aortogram 
varying fr 
Phes« 


ventricular 


these animals at intervals 


to 129 


hay postoperatively 


done either by direct left pun 


ture or by cannulation of a femoral artery 
a polyethylene 
the 


\pproximately 20 ml. of radiopaque 


and retrograde passage of 


( Polythene ) catheter into ascending 


aorta 


medium (900 diatrizoate | Hypaque | sO 


dium or 76% of a mixture of sodium and 


methylglucamine salts of diatrizoate [Reno 


grafin|) were then injected 


was any gross constriction 
suggesting 
narrowing at the 


In no instance 
or narrowing of the lumen 


thrombosis seen SO 


100 


are obliterated ‘ 


laye 


moderate 


SURGER) 


ARCHIVES O! 


M.A 


Wi j ety 


i ; | 
cM t 2! 

chamois patch, killed after 157 days 
the defect, 
endocardium, and partial obliteration of the nonabsorbable surgical (silk) 
\ thin layer of endocardium has partially covered the 


Note the faint 
the patch by white glistening 
sutures. b, 5 


covering ot 
Dog ~R 
Dog 81, thoracic aortic chamois 
endothelium 1s and slight wrinkling of 
external to the graft corresponding to the 
1)5 days postoperatively. The chamois 


gratt 


amount of wrinkling is noted 


noted, but this was believed 
Varia 


ble amounts of kinking and dilatation were 


anastomoses Was 


to be due to the method of suturing 


demonstrated, slight in degree and z'tributed 


to a minor disse repancy between vessel 
graft sizes (Vig. 2) 

(No 
graft was inserted into the abdominal aorta 
made 24 136 


| hese reveale d a barely pel 


and 


In one animal 28) a 3.0 cm. long 


\ortograms were and days 


po toperatively 
ceptible narrowing of the lumen at the graft 
site (1 iv 2) 

Skivet 


Lambskin 


leather 


Fechnically both 
difficult to 


and 


these ltypes of were SO 
suture that hemorrhage and empyema were 
the usual result, In those animals that did 


(No 


Was 


SUPVIVE 15 and 55) the gross appear 


similar to that described for 


the 


ance 


chamois, Sinee skiver was thinner than 


the lambskin it was slightly I rigid and 


somewhat easier to suture 


Microscopic Changes 
Ihe 


+) showed several rather distinct changes 


histologic preparations (Figs. 3 and 


occurring in those animals where chamois 


was implanted, either as a patch or a graft. 
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*46- _cm.- GRAFT- 31 Days 





“46- 3cm.- GRAFT -1i8 Days *26-4cm -GRAFT- 24Days 


uture of chamois graft o aortic defect ly 
thout appreciable narrowing o e graft lumer 


71) 
Aortu hamot patch 


The dow due | / days 
postoperatively from dis 
temper Permeation of 
the hire Is ot chamois 
| proliterating fibro 
blast and new capil 
| N ote 


began the growth this fibrous tissue had become wel] organize 


with collagen formation and subsidenes 
the fibroblast \fter four 


Within several days there 


chietly fibroblast and 


ot 


of fibrous” tissue, 
from adiacent tissue 
ort ¢ 


capillaries, permeating edema among 
and invading the fragment hamois. By weeks the fibrous tissue became more dense 
four weeks after insertion of the better organized, and trand-like Con 
101 





operativel 
| field 


heet 


b 
field 4 
in occa ional 
to the adventitial 
inflammatory cellular 
Magnification & 33.) 


comitantly with invasion of the chamois by 


fibroblasts there was the development of a 


fibrous layer on each side of the chamois 


Qn the intimal side this varied in thickness 


according to the wrinkling of the 


later it 


gratt 


became covered by endothelium 


growing from the adjacent normal aorti 


intima 


Qn the opposite side of the graft cor 


responding to the adventitial layer a cover 


ing of loose fibrous tissue first developed 


yy the fourth week this was well-organized 


into strand-like areas of rather dense col 
lagen tissue 
\ distinct teature 


preciabl inflammatory response 


was the lack of ap 


in adjace nt 


tissue The area of the graft 


appeared 


quite distinct from the and oute: 


Wine! 


lavers of fibrous tissue as far as any intlam 


matory reaction was apparent. Of interest 


was the ippearance of nonabsorbable sur 


102 
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PIC; ‘) suture material near the chamois 


which exhibited much round-cell in 


more 


filtrate and giant-cell formation about it than 


did the 


In those grafts placed in the right ven 


1 
Chamots 


le there was more of a cellular reaction 


in adjacent myocardial tissues than 1n_ the 


aorta, although again the reaction was less 
that 


than provoked by the nonabsorbable 


surgical (silk) sutures 


In the older 


t change 


118 and 


basophilism, as 


grafts 157 days 


there Was toward 


demonstrated in the fibrous tissue sugg 


gesting 


a transformation toward cartilage. In one of 


isolated cells 


posed oO! basophil material and nuc lei re 


the sections found com 


wert 
sembling cartilage cells although these could 
not be detinitely identified as such 


Phe yratt composed of skiver was easily 


dead 


compactness as 


} 


recognized by the “ghost-like” hair 


follicles 


with the fragmented appearance of chamois 


and its compared 


In addition, more of a cellular reaction was 


noted in thi section than in those of the 


chan ()) 


Comment 


Several considerations have impressed u 


in our observations during the use of 


chamois, skiver, and lambskin. Chamois is 


technically a most. satisfactory substance 


with which to work; it is easy to suture and 


it approximates well with adjacent. tissu 


so that leakage at a suture line does not 


become a problem Although porous, only 


a minimal amount of blood oozes through 
its wall and bleeding is not encountered such 
as it is in some of the porous plastic cloths 
Its pliability similarly contributes to its ease 


Phe lack of 


similar to that found for polyvinyl formalin 


in handling tissue reaction 1s 


ized indicates a high degree 


When studied 
to periods up to 118 days the 


sponge and 


of tissue tolerance micro 


S¢ Opt ally 


umount of fibroplasia is not excessive and 


only slightly more than the thickness of ad 


jacent normal tissue. These observations are 


further confirmed by the clinical behavior 


of the none of our 25 animals evi 


dogs 
Ox 


dencing any appreciable thrombosis or dis 
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rtion due to scar formation in the periods 
lack of cellular reaction and 
ratt by fibrous tissue 

i Sé iffolding until 


| 
ho 


iscular defect | constructed by 


ugyt that these 


s and that 
vation 
r and 
problems of tearing wi fa needk 
through t ir substance and of being slight] 
rigid, both of these contributing to a difficult 


iscular anastomosis generally resulting in 


delayed hemorrhage 
these qualiti 
I their tanning 
LOOR-1026 
Summary 
A eter 


Chamois has been inve one 
102 


ular prosthe in 25 dogs, utilizing it 

i right ventricular patch in 6 i thora 

1ortic patch in 6, as a thoracic aorti 

in 12, and as an abdominal aorti 
I:xamination of the gro pec 


if the living animals by aortography faile 


veal any appreciable thrombosis. Cham 


well tolerated by host tissue and act 
support through which fibrous tissue 
ite 
iver (two varieties) Was u 
ind lambskin im rour dogs 
the thoraci iorta Phese 
proved technically unsatisfactory 
ing in our hands 
rom these preliminary results further 
‘rvation in the feasibility of chamoi 
iscular substitute appears 
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Popliteal Vein Ligation in the Treatment of the Lower 


Limb Stasis Syndrome 


A Three- to Six-Year Evaluation 


THOMAS O. MURPHY, M.D.; JOHN J. HAGLIN, M.D.; EDWARD C. EMERSON, M.D., and DAVITT A. 
FELDER, M.D., Minneapolis 


The reports of Buxton! and his col Paste 1.—Characteristic Features in 
, i xtremtte yubjected to P 
leagues on the interruption of the superficial ination 
femoral vein for long-standing deep phlebitis 


of the lower extremity, and the earlier phle 
bographic studies of Luke? and Bauer,’ rng eoome 
preceded an era of interest in interruption [4urten 
of the popliteal vein as a method of treat sapoae 
ment for the lower limb stasis syndrome. ~'Urti"* 
In 1948, Bauer * presented a technique of 

popliteal vein ligation which became popular 


sSetween the years of 1949 and 1953, TABLE 2 ylatus of the Superficial Vein 
inclusively, 72 popliteal vein ligations were lime of Pop r u vem Ligation im 

° ‘ . evenly vu rlremilt: 
performed in 63 patients at the University 


of Minnesota Hospitals. Nine patients had tatus Per Cent 


bilateral popliteal vein ligations. This report — Greater saphenous incompeten¢ 4 
is a three- to six-year follow-up of thes: Greater saphenous previously re ‘ 
° ected 
patients 
os Lesser saphenous incompetency 

[wenty-one patients were males, and 
. > ; ial Lesser saphenous previously 
forty-two were females. These patients had 
Lesser saphenous normal 
severe and chronic disease, with symptom 


from 3 to 36 years prior to this operative 
intervention. The mean duration of symp 


toms prio! to surgery was 10 vears lorty preate aphe nous vel be incompetent in 
1 . vg. smith 

eight patients were markedly overweight, % the 72 extremities, and it was eithes 

while fifteen had a near-normal weight. The Concurrently ligated and stripped at the 


» ' 7 : lia : - : 
maiority of the patients had undergone time of the popliteal vein ligation or within 
the following ' e ret ing 
multiple previous operations, with the aver the following yea Che remaining 
: tremities had undergone pre 
age patient having three previous Operation 
P ° . aphenou vein remova 
for relief of symptoms 
: iS normal 
The physical examination of the extremi 
Che hort aphenou ten had under 


1 


gone previous urgical resection n Y in 


ty, concerned (Tables 1 and 2) showed the 


Received for publication July 6, 1956 tances, was diagnosed a 


Incompetent in 
tl 


From 
of Minnesota Medical School and the Minneapx 
General Hospital 

Presented at the Fourth Scientific Meeting of tripped at the time of the popliteal vein 
the North American Chapter of the International ligation \lthough it Importance was not 


Jenartr t ot Sureer Lin it " 
e Departmer urge vers! 15 instances, and was diagnosed as normal 


in 18% instanes If it was incon petent it wa 


Society of Angiology, Chicago, Tune 9, 1956 empha ized, the presence ot incompetent 
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COMMUTE 
Instance 


to the 


the 


tance ind 
thrombophlebit obtained 


of the 72 extremities under consideration 


lhe following were the indications for 
popliteal vein ligation 


] Phe pre 


drome, not kept under adequate control with 


ence of lower limb stasis syn 


conservative management 


a 


tency 


vidence of popliteal vein incompe 


demonstrated by retrograde phlebo 


graphic study 


In conservative management the following 


detail observed (1) good Toot hy 


were 


Picri¢ (2 


) adequate external support to the 
bed 


skin 


vation of the foot of the 
(4) 


when the 


icy (3) ele 


ind even bed rest in severe case 


grafting to ulcer site Only above 


measures failed was a popliteal vein ligation 


at rie 


Phe technique of the surgical procedur 


wa is that described by Bauer 8 and doe 


not need further description here, except to 


iy that the ligation and division of the vein 


vell above the jot space 


Results 


Phe 63 patient of th erie were re 


called to the vascular clinics for evaluation 


ind were seen by one of us within the year 


previous to this report, while this evaluation 


was in mind. We 


patient 


fortunate that only 


were 


1 very Itew Ope rated upon were lost 


seri ind these instances are not 


from the 
re ported on 


The result of the operative procedure 


were evaluated from the standpoint of the 


ulceration, 


eltect peripheral 


upon kin 


eck Mla, and pain 
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{RCHIVES OF SURGER) 
The instances graded as “failures” were 
those in which there was a recurrence of the 
ulceration within one year which needed fut 


healed 


ther surgical therapy to keep it 


The “equivocal” result describes those in 


tance in which there was no objective 


( hang from the preope rative tatus early 


which could 


ulceration 
d by 


equivoca 


recurrence of | n 


conservat 


be rehealed and maintain 


ins Wa also graded as | 


Che “fair” result scribes an extremity 


n which the ulcer remained healed but 


which there wa ind/or severe edema 


sitated 


pain 
that nec further car¢ 


he 


in which. the 


“good” result describes an extremity 


ulcer, if present, remained 


healed, with relief of edema and pain, with 
or without the use of good elastic support 
to the legs 

lable 3 lists the late 


results of the opera 


Three to Six Year 
enty- Tw 


PABLE 3 The Results from 
After Popliteal Vein Ligation in Sez 
he xtremiltes 


Per Cent 


12% 


ope ration, 


tive procedure Thirty extremities, o1 
were aided by the 


(58% ) 


of the 
while 42 
relief 


SETICS 


extremities were without 


In 36 instances (500%) there was re 


currence of the ulceration within one year; 


however, 9 of these were healed and main 


tained with conservative management 


Comment 


It is our opinion that the evaluation of 


the results of this urgery depend 


type ol 
upon two tactor the accuracy of the po t 


operative evaluation and the critique used i 


choosing the patient for the operative pro 

cedure 
In thi 

followed by the 


that 


eri patients have been contin 


uously same group of sur 


geons originally so enthusiastically 


performed the operation. All patients have 








as here only 42¢ free from recut 


( were 


rence. The fact that Bauer’s series was 
much larger than ours should be examined 
results of 
100 more 
This, of 
is diffi 


indications for sur 


In order to approximate the 


Bauer tatistically we would need 


Case with only good results, 


course, 1s extremely improbable. It 


cult to know if Bauer’ 


gery are comparable with ours. It is possible 


that we might have preferred, and succeeded 


In, conservative management of the lowe 


limb stasis syndrome in some of the patients 


operated upon successfully in Bauer’s series 


In spite of the high incidence of failure 


found in this study, it appears that popliteal 
value in 


that 


vein interruption may be of some 


ome instances lt is our contention 


the choice of patient for popliteal vein liga 


tion must depend upon a more accurate 


evaluation of popliteal vein incompetency 


than has heretofore been presented, Long 


term follow-up of patients chosen on the 


A. M. A. ARCHIVES OF SURGERY 


basis of 1soflow methods 


(Fig. 2) 


phlebographic 
may yield a more rewarding result 


Summary 


A three- to evaluation of the 


results of popliteal vein ligation is presented. 


SIX-yeal 


lorty-two per cent of the patients showed 
improvement, and fifty-eight per cent were 


without relief of their symptoms. A more 


accurate method of evaluation of popliteal 


vein incompetency may be needed for the 


choice of patients with the lower limb stasis 
yndrame that are submitted to this proce 
dure 

University 


Department of Surge 


(14) 


Hospital 
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Pp 


atholog Postphlebitic 


Formation of the Pop 


DISCUSSION 


On Papers By Drs. PRATT AND LEVINE AND 


MureuHy, HAGLIN, EMERSON, AND FELDER 


Dr. THomMas C. Moore, Muncie, Ind.: | 


studying the problem of lower 


have 
been interested in 


extremity edema by means of functional veno 


techniques. A study 


before this 


graphic portion ot this was 


presented Society last year. Those 


investigations have been continued and expanded 


in certain areas. We have not, as yet, encountered 


a single instance of true functional regurgitant 


flow in the deep venous system when muscle ex 


ercise of the dependent extremity is employed 


Some regurgitant flow in the deep venous system 


is found in the normal lower extremity in quiet 


quiet ce 


post 
limb with a recanalized popliteal-femoral 


dependence) This regurgitant flow in 


pendency is le rather than greater, in the 


phlebitic 


venous trunk These observations have led us to 


regard cperative interruption of venous channels 


in the post-thrombotic as functionally unsound. We 


have employed good compres ive upport tal all 


cases and have found this method of treatment to 


be quite satisfactory 
Dr. Josernt ( LukKI 


Some 


Montreal, Can 


time ago, in discussing this. problet 


had gone through the literature and had « 


across 25 different operations performed on 


postphlebitic leg. They have come and they have 


gone, and it is certainly my belief that you cannot 


correct the underlying pathology in this disease 


you cannot repair it with new veins. It may be 


that this Society will be able to find a wa 


in venous gratt iS we are putting in the 


grafts, but until that time comes we 


the underlying pathol gy Lheretore 


tions, at St. ry temporal 


worst a expensive proposition 


layoft of the 


patient and hospitalization, and 


results, in the main, have been indifferent. | have 


completely given up all surgery, with the exception 
ot tripping incompetent varicose veims and the 
vcasional skin gratting otf the 
We have 


eight vears the 


large ulcer 


followed a conservative 


nearly more | 


happier I am that are doing 


to continue 
> 11 
Brook 


Dr. Roperr R. LInton 


post-thror 


have been interested I the 


drot ( ! perl ips lor vet 
membet f | have come 
clusio ! - man year t 

place tor urgical treatment of 
providing ‘ one irri out 
cedure important that it 
the compl radical method | 
described 


[Slide] 1 


understanding in regard to the 


think there is a great 
terminolog 


this condition. In my opinion, the treatment of 


the post-thrombotic syndrome without ulceratior 


is entirely different from that with ulceration. | 


would agree with the essayists that the 


post 


thromboti yndrome without ulceration is best 


treated in the majority of cases by an adequate 
elastic but the most satisfactory 


upport method 


of rehabilitating a patient with the post-thromboti: 


type of ulceration is the utilization of 
measure 
rhe surgical 


should only be 


healing of the ulceration 


treatment 


tremity pertormed 


alter complete 


either b kin grafting 
the ulcer orf { i done in the majority of 7 
patient ambulatory means, using compre 
ion ban 


After 


heen he 


important tl 
long and hort 


and 1 their tributars 


Second thre deep 


interrupted, either 


t importance al 


id perhap 
important step-——to interrupt the 


ating ve hetween the deep ind uper 


ficial ystems of in the lower leg below 
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oug \ lf xamining a patient and taking his 
lower les | ' f time he comes in. It all dow 
WICISION the deep 1 ’ V ything 1 there \ \ observed 
attempt rove the | very accurate histori ch patient 
kin and subcutaneou | me cases, given no tre 
patient witl deep venous thror 


post-thromboti ndrome, 1 


on, and that 14s 
portance hat | } \ t | mentioned there 
In fact, there 
at all of it 
the knee deleted for hould like to 
difficultie im: ing gratulate Dy id | am sure he will poir 
procedure which have " out that he was referring to ligation of the popli 
post-thromboti ] al vein alone ind not considering the entire 
follow-up statistn » tI ra or nent 
rious procedures that have gards to the work of my good friend 
to report here the follow-up Moore and Dr. Shumacker, | think it should 
f 41 post-thrombotic ulcer pomted out that we would expect the veins t 
from four to nine veat empty under any condition. If the total outflow 
le cribe 1 it above ol blood trom the leg were decrea ed by only 1% 
e patients were there would be enormous swelling, such as showr 
/ in the pictures of Dr. Pratt. In other words, re 
| ind only ; i gardless of the amount of disease present we ex 


further period ot rvation 1 pect that 90%, 95%, or even 99% of the blood 


will reported on. th passes out of the limb. And the small amount of 


but | can assure you thi blood that may retained in the limb could not 
most grateful patients he detected by an arteriogram. As [ mentioned 
London, kengland We, in iengland, before this group last year, I believe that the « 
enthusiastic about Dr. Bauer's pro sential pathologic defect is more closely involved 
fact ifter he poke at the yal with pressure relationships than with volumetric 
Surgeons, all the candidates for the change 
be able to explain exactly how In regard t Linton'’s method of 
done for the next four year these patients, | have used it exactly 
been tried in’ England, mainly at St described it. In the patients who have not beet 
Jartholomew's Hospital don’t work there—but subjected to surgery the recurrence rate is ap 
heen found to be a failure, an absolute proximately 30%. Of the patients who had surgical 
ow, there one poimt [should like treatment there has been only 1 recurrent ulcera 
cu here wa i speaker who aid that tion in approximately 100 extremities over a four 
o one had seen what happened to the deep venous year period ot time 
pt ure ifter ligation \s a matter of fact, at In this disease, more than most others we treat 
St. Bartholomew's Hospital they measured the deep therapeutic results are closely related to the degree 
pressure wid found that immediately after of treatment The basic pathologic concepts are 
iperation the went down Mont! later, after known by all Everybody knows that most of 
ther deep v opened up, the pressures returned these legs will heal if the patient to bed 
) preoperative |e vel but frequently we don’t elevate the leg gh enoug! 
was most interested in Dr. Linton’s discussion for a long enough period of time Everybod) 
follow of from tour to nine years, with knows an elastic support 1s good but most of the 
lie ( hould say ‘ of little signifi elasti tockings simply are not heavy enough t 
! work in control hydrostatic pressure Everybody knows 
| «discovered \ that these ulcer of the leg can be healed by a 
i more pecialized than anvthing pre ure bandage, but few ipply i tight enough 
America I thought America was bandage for a long enough period of time. Finally 
chaltie but our place in London everybody knows that removing : seased veir 
il with v vein is helpful, but the point is to remove enougl 
good ‘ ) seased veins to get the 


we I l Dr. Lintor 








The Problem of Perforator Localization in Varicose 


Veins 


An Operation to Deal with Perforator Incompetence 


THEODORE 6. MASSELL, M.D.; 
Angeles 


commonest disease in 


Without doubt, the 
the field of 


angiology 1 varicose veins oft 


Inasmuch as thi 
old as— the 


the lower extremiutie 


affliction is a upright posture 


of the human race and is easily diagnosed, 


therapy would by 
Yet 


the treatment of varicosis has gone through 


one hould ¢ x pect that it 
now be well established and effective 


numerous cycles, and surgical opinion is 


till not unanimous. This lack of enthusiasm 
for most of the operative procedures hither 
to devised can be understood if one surveys 
the end-results of these procedures.! S 
Some of the unsatisfactory results are due 
to obvious technical errors committed by 
the 


well-qualified surgeons the late 


Ine xperienced operators,®? but even in 
hands of 
results of varicose vein surgery are generally 
unsatistactory 

The chief 


VaATICOSIS Wa 


cause for the recurrence of 
pointed out by Sherman * as 
He demonstrated that 


failed to 


long as 12 
the 


years ago 


usual tourniquet tests detect 


most of the incompetent perforating and 


Furthermore, he 
the 


communicating 


that 


veins 
half of 


direct 


found about incompetent 


perforators had no connection with 


trunks but emptied into 
hus, the 


the main saphenou 
secondary and tertiary tributaries 
ordinary vein-stripping Operation leaves be 


hind the smaller tributaries and their pet 


forating vein connections, Irom these a new 


network of varices readily develops. Thus 


a logical approach to the therapy of varicose 
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E. CRAIG HERINGMAN, M.D., 


and SEYMOUR GREENSTONE, M.D., Los 


veins requires careful preoperative localiza 
tion of the incompetent communicating and 
perforating veins and a surgical procedure 


in which these are interrupted. 


Clinical Criteria of Perforator 
Localization 


Certain physical findings in the examina 
tion of the patient are of value in detecting 
and localizing the sites of the incompetent 
communicating and perforating veins. Pa 
tients who present any of the usual manifes 
tations of venous stasis, such as_ ulcers, 
subcutaneous fibrosis, induration, and pig 
mentation, almost certainly have incompe 
the 


superficial venous system. Furthermore, the 


tence of these veins as well as of 
offending perforators are to be found in or 
just proximal to the region in which the 
stasis changes are manifest. In areas where 
the tissues are of normal consistency the 
sites of the larger incompetent perforators 
may be detected by the palpation of fascial 
defects. These represent the 


which dilated 


openings 


through these veins pass 
through the fascia 

A third useful sign is the presence of one 
or more long tortuous superficial tributaries 
which seem to extend down from a major 
saphenous trunk and suddenly end on the 
lateral or anterior surface of the leg. Gen 
“dead ends” occur directly su 
the 


perforating or communicating vein 


erally these 


perficial to site of an incompetent 


In contrast to the three criteria described 


above, our experience, which has been 


‘ 
” 


shared by others,** is that tourniquet tests, 


using either one or two tourniquets, are of 
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little help in perforator localization Uhe ankle level. The popliteal and upper thi; 


gh 
tourniquet aids in distinguishing postphlebit tourniquets sufficiently impede the flow 
ic varicosis from primary varicosis or in through the deep venous system so that th 
detecting gross incompetence of the short opaque solution flows out into the superficial 
saphenous vein, but only very large, dilated system through the incompetent perforating 
communicating or perforating veins can be and communicating veins. Such retrograce 
detected by tourniquet examination hese flow does not occu! through the pertorator 
are always apparent by other, more reliable with normally functioning valves hus 
signs only the incompetent connecting veins a1 


visualized 
Phlebography for Perforator : 


S aoniination In our last 42 phlebograms we have u 


diatrizoate (Hypaque, Winthrop 
In 1948 a method was described for the 

‘ Inc.). Twenty-five to thirty cubie cent) 

localization of incompetent perforating and 


‘ 10 meters ot a 35% solution of this cor pound 
communicating veins by phlebography 

. gives excellent opacification with a minimun 

Che technique originally described has been ; | local 

7 of untoward loca r systemic reactions." 

only slightly modified. The patient is placed sing moni ae . 

S the inject s ‘te ‘ 

in supine position on an x-ray table which € injection 1s completed, the x 

ti "15 *( ‘ the \nter 

is tilted so that the lower extremities are tbl tilted back to the horizontal. Ante: 


about 15 degrees below the horizontal SOtt posterio1 and lateral exposures Ar 
rubber tourniquets are applied, respectively ot the leg. The popliteal tourniquet 


to the ankle, just above the knee, and to the moved, and x-rays of the thigh are mack 


upper thigh. Injection is made percutan The appearance of the incompetent con 


ously into any acces ible vein on the foot municating and pertorating \ Ihu 
The ankle tourniquet obstructs the super trated in Figure l to 5 mms the 
ficial venous system so that the opaque photographs it 1s apparent there 


medium enters the deep venous system at ome iriation in the x-ray appearane 


Fig. 1—Two incompetent pesforators in the thigh corresponding to 
canal and subsartorial perforators, 





the mid-Hunter 


competent, although it fills down to its first valve 
There is ; ge group calf perforator rhere is one medial perforator (A) visible ir 
the anteropo r view bi ot vi ! lateral view because it overlies the posterior 
tibial vein: i! » he a n velni in the anteroposterior projection but is actually 


two separate pert or / and (/ running anteriorly and posterior respectively 














sy comparing the films of the anteropos 
terior and the lateral exposures, it is possible 


to obtain a three-dimensional projection and 


thus estimate with reasonable accuracy the 


location at which each perforator and com 
municator 


reaches the fascia. The compari 


on of the two x-ray views also allows one 


to distinguish ordinary tributaries of the 


saphenous trunks from the veins which con 


nect with the deep system 


Ihe 


uspected site of each incompetent 
perforating and comunicating vein is then 
measured from some fixed point, such as the 
tibial table. the 


binally, localization by 


phlebography is checked against the previous 
clinical examination, the results by the two 


methods are correlated, and the details of 


the operation are planned. 


The Operative Procedure: 
Radical Varicose Phlebectomy 


three basi 
procedure 
(1) The first 


section of the 


There are 


steps in the 


opera 
tive 
tep 1s a conventional re 
the 


(a) 


terminal portion of 


saphenous trunk and its tributaries 


fold 


the great saphenous, the usual oblique 


mon 1 placed in oF above the 


© that the 


inguinal 
aphenofemoral junction 1 
centered in the operative field 


divided 


almost at once to provide easy exposure of 


The saphen 


ous trunk 


between hemostats 


the fossa ovalis and the external pudendal 


vessel] Phe cribriform 


fascia is dissected 
away so that the femoral vein can be clearly 
seen for 2 em 


of the 


above and below the entrance 


saphenous vein subfascial 


divided 


b) kor the lesser saphenous a liberal trans 


Thus, 


tributaries detected 


may be and 


verse incision 3 or 4 em. above the popliteal 


crease 1s used 


The fascia is incised in the 


same the 


direction, and 


lesser saphenous 
vein is dissected right up to its junction 
with the popliteal vein. 

) 


(2) The distal saphenous trunks are ex 


posed at level An 
stripper is then passed up 
the 


malleolar and divided. 


intraluminary 


ward, and entire saphenous vein is 


avulsed, most often in a single segment. 
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Occasionally the proximal end of the short 
saphenous vein is difficult to find because 
of its frequently aberrant location. In such 
cases, unnecessary trauma to the popliteal 
structures can be avoided by passing the 
intraluminary stripper up from below so 
that the saphenous trunk can easily be lo 
cated by the palpable presence of the 
stripper. 

(3) In the third 


are made over the sites of the incompetent 


step vertical incisions 
communicating and perforating veins. These 
incisions vary from 2 to 14 em. in length 
and are planned so that each gives access to 
as many perforators as possible. Since the 
latter tend to 


unnsual to interrupt four or five of these 


occur in clusters, it 1s not 
veins through a single incision. In the thigh 
and proximal two-thirds of the leg the com 
municating and perforating veins are ap 
proached by incising and undermining the 
fascia. This subfascial approach makes it 


easier to find these veins and also assures 
the identification and division of the entire 
vein Deep to the fascia the perforators are 
straight veins without tributaries, but just 
superficial to the fascial boundary they are 
often tortuous and receive tributaries which 
can easily be missed and left intact. In the 
distal one-third of the leg there are so many 
fibrous septa that a subfascial approach 1s 
not feasible. Here each perforator is traced 
the The fascial opening 
through which it passes is enlarged, and the 


vein is gently withdrawn and ligated so that 


down to fascia. 


the level of inte rruption is actually deep to 
the fascia. 
The the 


carried out in layers 


incisions is 
All the fascial open 
ings are repaired with fine interrupted non 


closure of various 


absorbable (cotton) surgical sutures before 


the skin is sutured. Despite the need of 


the 
operation on both extremities rarely requires 


meticulous care in handling the tissues, 


more than two and a half hours if the short 
saphenous system is not involved. The time 
required for changing the position of the 
patient and performing a_ bilateral short 
saphenous stripping adds another 30 to 40 


minutes to the length of the operation 
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Active ambulation is started six to eight 
hours after the operation is completed, and 
the average postoperative hospital stay is 
two days. The period of disability seems 


little if any longer than that associated with 


vein stripping alone 


Results 


The effectiveness of this approach to the 
tudied 
in a group of 210 patients with varicosis 
318 limbs 


problem of varicose veins has been 


in Because difficulty in 
controlling the details of the surgical proce 
Veterans 
patients, only private patients, operated on 
} None Ot 
previously 


ind 


of the 


dure in clinic or \dministration 


the 
had 


none 


included 
had 


Varicose 


by one of us, 
the 


their 


were 


patients in study 


surgery for vein 


were included who became pregnant after 


the vein operation 


Four different methods of approach were 


used in this series. In 61 extremities, which 


generally presented the severest degree ot 
varicosis, the operation was planned on the 
basis of the correlated findings of clinical 
examination and phlebography. A second 
of 158 


after clinical localization of the incompetent 


group, extremities, were operated 


veins. Phlebography was not used in this 


group, and they generally presented less 


severe varicosis than those in the first group 
A very small third group consisted of 12 
limbs in which there were significant but not 
severe varicose veins and in which there was 
all of 


were 


evidence at 
All 


long or short saphenous vein 


no clinical perfor itor 


incompetence these treated by 


stripping the 


Paste | 


Procedure 


Terminal resectior 
of saphenous vein 


Stripping without 
perforator dissection 


Radical phlebectomy 
without phlebo 
graphy 

Radical phlebectomy 
with phlebography 37 


Total, all procedures 210 


*rative C 


VEINS 


from malleolar level to its junction with the 
he 


comprising 87 extremities, 


deep venous system fourth group, 
were treated by 


This 


made 


terminal saphenous resection alone 


Was a 


of 


rather heterogeneous group 


up (a) elderly or poor-risk patients 


who presented themselves with some com 
of 


intervention ; 


plication varicosis, requiring surgical 


the commonest ot these 


com 


plications leading to operation was acute 


iscending thrombosis the 


(h) 


In varicositt 


young females with mild asymptomati 


varices who were primarily concerned with 
the appearance of their legs 
ifter each of these 
lable 1 [de 
poor condition of the tissues in the 


s subjected 


Phe complication pro 


cedures are shown in the 


prite 


extrem 


tie to radical Lricose 


phi be 


tomy 5% manifested ta change 


frequently associated with eczema or ulcera 


tion—-and despite the greater number of 


incisions needed for the radical operation 


the over-all incidence of postoperative com 
14%, 
of 
Actually there 


7 


compared with 7% 


the 


plications was ror 


terminal resection aphenous trunk 


alone were more hematomas 


and wound infections in the latter group 


The chief complication of radical varicose 
phlebectomy was sloughing of the edge 


Phi 


and may 


or 
occurred 
well 


fascial 


the incision in the distal leg 
1% limb 


have been the result ot too extensive 


in nine ¢ of the 


ases 


undermining. Postoperative edema was a 


ind 2% 


thi 


well 


problem after 5% of the radical 


of the conservative operation [ ually 


Was a persistence or exaggveration ot 


ing that was present prior to surgery In 


ymplications 





all but three extremities, it subsided within 
the first postoperative 
s| hree 


were 


year 


instances of foreign body reaction 


noted. In each case the offending 


cotton ligature was finally extruded and 


healing ensued, One patient had a zone of 


anesthesia comprising about 25% of the 


cutaneous distribution of the saphenous 


nerve. This was probably the result of the 
accidental severing of a major branch of the 
saphenous nerve during a perforator disse 

calf Only 


He had 


oby IOUS 


tion in the medial region one 


patient developed thromboembolism 
been with a and 


seen swollen leg 


weeks 


after his 


superficial thrombophlebitis several 


Within a 
phlebec tomy the 


before week 


surgery 
VATICOSE patient had a re 
turn of the same symptoms in the same leg 


\ few days 


unmistakable 


small but 
infarct He 


later he had a rather 


pulmonary was 
treated with anticoagulants, and there were 
no further embolic incidents. The nature 
and frequency of the postoperative complica 
attet radical 


to justify 


‘ 


11s VaTicose 


phle bectomy 
belief that 


13 


hardly loote’ 


this 


lor evaluating the late results, only those 


ecin 


type of procedure is too hazardous 


cases were used in which a follow-up was 


18 months rhe 
interval seven 
had 


months, 


] 


possible for a minimum of 


longe 1 po toperative 


About one 


been Opn rated 


Was 


veal third of our cases 
last 18 
If the 


up interval had been shortened to one year, 


within the 


and so these were eliminated follow 


the tatisty for all the procedures would 


have been better, since few of the unsatis 


factory results of varicose vein surgery were 


apparent im the first year afte operation 


w-l/p 


Procedure 


Number 


Terminal 
iphenous veil 


resectior 
Stripping without perforat« 
dissection 


Radical phlebectomy 
out phlebography 


Radical phiebecton 
phlebography 


Total, all procedure 
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Despite our best attempts, some 15% of 
the patients were lost to follow-up, a few 
by death from unrelated causes but most of 
them by changes of residence. In all, some 


114 patients, representing 239 limbs, were 


available for this study of the late results 


of varicose vein surgery 


Fer statistical purposes the following 
classification was adopted 

(1) Excellent result: trivial varicose veins 
or none at all, with complete absence of any 
of the preoperative symptoms or recurrence 
of signs of continued venous stasis. 


(2) Good result presence of a few vari 


cosities of significant size but without any 
preoperative symptoms or recurrent signs of 
continued venous stasis 

(3) Unsatisfactory result: persistence or 
recurrence of symptoms or signs of venous 
stasis or of large numbers of varicosities. 

The results according to these categories 
Table 2. The 


four different procedures: is 
than the 


are given in difference in 
efficacy of the 
actually greater Statistics indicate, 
because of the predominant type of case in 
each category. Thus, the patients who had 


preoperative phlebography almost all pre 


sented the varicosis, 
\de 
quate therapy for these limbs seemed most 
difficult 


radi al 


severest degrees of 


often with extensive stasis changes 


Statistically, the patients who had 


varicose phlebectomy without pre 


operative phlebography seemed to fare as 


well as the former group. However, the 


phlebograms were omitted because the se 


verity of the disease was less and clinical 


localization of the perforators ind commun} 


cators seemed adequate Hlad the clinical 


Eighteen Months t 


Excellent 00K Unsatisfactory 


Per Numb r Number Per Cent 





PERIFORATOR LOCALIZATION—VARICOS|! 


the end 
results in this group should have been better, 


the 


localization alone been sufficient, 


since initial involvement was usually less 
extensive 

The apparently equal and obviously poor 
results both from terminal saphenous _ re 
section and simple stripping likewise need 
further interpretation. Several of the 


CASES 
classified as “good result” in the terminal 
group mild 


asymptomatt operation, and so the 


resection were and relatively 
before 


full extent of the postoperative recurrence 


With 


“good results” 


was not truly appreciated further 


follow-up most of these may 


well be reclassified as “unsatisfactory 


Comment 


Che presence of significant varicose veins 


after any of the procedures is interpreted by 


us generally to represent the persistence of 


one or more incompetent perforating 01 


communicating veins. Some of these sites 


of incompeten were missed despite the 


localization by a comiined clinical and 
phlebographic technique 
Phlebography, like other diagno tic types 


At time 


one ‘ 


of radiography, is subject to error 
all the 


of dec p vein 


' 


opaque solution runs into 
of the leg and fail 
This 


the injection site or the 


to opacity 


the other situation is not related to 
position of the 


tion \ 


sometime results in 


leg 


at the time of injec econd injection 


visualization of the 


region which was not opacified by the first 


injection 


errors in phlebography arise more often 


from difficulties in interpretation than fron 


those in technique. It is usually easy enough 


; 


o distinguish perforating or communicating 


veins from ordinary tributaries of the 


eins, but tributaries of the superficial ven 


ous system may be confusing when they 


overle the major vein The most difficult 


problem is to determine the 


perftorators or communicators 


Cla ( One of the 


’ 


al approach tO Nes 


illows for a reasonable margin 


localization. On the other hand 


VEINS 


leg, where the numerous tascial compat 


a subfascial dissection impra 
had the 


unable to 


ments render 


tical, we have at times experienc 


of being actually find a grossly 
incompetent perforating or communicating 
vein which was clearly visible in the phlebo 
gram 

Thus, it is likely that some of the incor 
petent perforating and communicating veins 
detected before while 


are not operation 


others are detected but cannot be located at 


operation because of insufficient accuracy of 
the localization. As has in 


our ¢ xp rience 


creased we seem to have reduced both these 


sources of recurrence, but there is still an 
apparently irreducible residue of error which 


we cannot obliterate 


Summary and Conclusion 


\ satisfactory result in the surgery of 
inticipated 
ind 
d. The 

detected 


cinica 


primary varicose veins is to be 


only if the incompetent perforating 


communicating veins are interrupte 


incompetent connections may be 


and localized better by other 


than by tourniquet examination \ 


greater degree of accurate localization 


be secured if the clinical examina 
upplemented by x-ray phlebography 
he 


include the ligation 


preferred procedure 


Ope rative 
ind 


Incompetent pertorator in 


as well i the complete 


incompetent saphenous trunl 


olar level up. A subfascial 


ipproag 


tor the connecting vein except 


ley where the fascia 


mall 
his procedure 

e number of postoperat 

require 


pro} ne 
romngeece 
} It 


gh per 





Apparently, his interest in this subject was 


stimulated by the same article, or the same man, 
Dr. R. S 


you 


Sherman, that aroused my interest. If 


this which was pub 


August, 1949, you 


have not seen article, 


lished in the Annals of Surgery 


should read it 


In my experience, palpating the incompetent 


veins which the easiest and 
If the 


most 


perforate the fascia is 
most valuable method of diagnosing them 
examiner has a good understanding of the 


likely 


vein they can be 


location for these incompetent perforating 
located easily by palpating the 
Above the defect in the fascia 
also palpable. My col 
important 
that the 


part ot the 


defect in the fascia 
a dilated usually 
and I make this 


office on the 


vein 1 
league examination 
day sent 


This 1s 


marking the dilated veins to be removed at opera 


in the patient is 


into the hospital process ol 
a pyrogallic acid 
well. An 
pertorating 
that 


tion. The marking is done with 


solution, which remains on the = skin 


X l each 


placed ove, 
Whenever the 


a pertorating 


incompetent 


vein urgeon cannot be sure 


vein is present but suspects the 


made at the site to 


The 


time 


possibility, an X should be 


indicate the need for exploration diagnosis 


95% of the 
and the 


pertorating 


will prove correct 


Che most important most frequently 
veins are 
surface of the distal 
third of the 
lateral 


The per 


encountered incompetent 


situated along the inner 


third of the leg and of the upper 


anterior surface and 


third of 


calf and along the 


surface of the upper the leg 


forating veins on the inner and lateral surfaces 


of the foot are also frequently important, especially 
if the veins of the foot are dilated 

It is important to ligate all large incompetent 
veins, but it is equally as 


pertorating important 


to remove all veins leading to or from them, I 
fascial defect 
belief that all 


lower extremity should be removed and the prac 


also close the 


It is my varicose veins of the 


tice of removing only the main channel, which 


abandoned 
We used to 


do venography on those patients having anomalous 


is becoming prevalent, should be 


De. J. Curnpert Owens, Denver 
or bizarre patterns of varicose veins, until we re 
that the benefit 
and 


viewed our results and concluded 


to the patient did not warrant the expense 


possible complications 


Palpation of the venous segments, assisted by 


percussion or ballottement of these veins, allows 


the examiner to determine the size of the vessel, 


its course, amount of scarring, and number of in 
competent perforators. Such examination followed 
by excision of these segments under direct vision 
decreases so-called “recurrences.” As we all know, 
varicose veins are prone to have marked variations 
Therefore, patience plus surgical curiosity at op 
to eliminate these segments 


eration are required 
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Multiple vertical (except at popliteal space) in- 


cisions along the course of each segment at spaced 


intervals, plus dissection between the incisions, 


are rewarding in locating bizarre or anomalous 


veins. Stripping is a “blind” procedure and should 
be reserved for the uncomplicated varicose vein 

In the 
200 


using epidural or 


past three years, we have done almost 


cases on an operating room-outpatient basis, 


local anesthesia. Only six of 


these have required admission. Instruction for 


ambulation at home, plus mild sedation, is given 


to each patient. Our recurrences or missed veins 
have been around 5%. We do not mean to imply 
that excision of varicose veins is a simple opera 
tion, or that it 1s possibly an ollice proc edure. In 
that 


complications which have 


no instance have we felt postoperative care 
was neglected; the few 
have developed even if the 
T he 
savings both to the patient and to the institution 
bed 
The program for varicose veins has been 
Hospital that 


regimen at 


occurred could easily 


patient had been admitted to the hospital 


have been considerable, not to mention Oc- 


cupancy 
General 


so successful at Colorado 


we are now undertaking the same 
Denver General Hospital 


B. MAs 


much I 


Dr. THroport SELL: | want to thank 


the discussants very particularly re 


member Dr. Meyer's splendid exhibit at the 
A.M.A asked 
finds perforating and communicating veins. He said, 
“That is the $64 Question” before it 
was $64,000 


But, apparently, Dr 


meeting, where | him how he 


that is, 


Myers has a very sensitive 
palpating finger, which I very much envy. Several 
think 


phlebograms on 


years ago | our tendency was to do more 


varicose vein patients; then as 


time went on we thought we could localize these 


perforators by clinical examination alone. Re 


cently, when I have had a chance to follow those 


cases in which we have had the help of the phlebo- 


gram and those in which we did not have that 


help, | found out that my finger is not anywhere 


Myers. My clinical 


these perforators 


near as sensitive as that of Dr 
examination misses a lot of 
Particularly in the bad cases with a lot of indura- 
tion and wooden tissues, | cannot feel anything but 


a hard mass 
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Surgery Illustrated 


Operative Injury to the Accessory Nerve in the 


+ ‘ o rg. . 
Posterior Cervical Triangle 
mment upon the lhduction T. ) ius Muscle Para 


BARNES WOODHALL, M.D., Durham, N. C. 


The superficial « of the accessory tecessory nerve may be damaged by actua 


in the post rvical triangle make ection or compression by ligature Because 


culiarly susceptible to injury during — of its inherent ability to show adequate func 


lymph node | removal of minor tumor tional regeneration, somewhat similar to that 


rn and Wnilar oper proc lure exhibited by other relativel pure motor 


n this portion of the cervical ax Paralysi nerves, such as the radial and facial nerve 


’ 


of the trapezius muscle ¢: of true uture or relief of the compression force a 
abduction of the arm above &8O to 9O degree the point of nerve damage is strongly indi 


ind diffuse shoulder girdle discomfort. The ated im these injuries 


ubmitted for publi Ww ul 7. 1956 a ss 
iy ' ul Clinical Example 

ol hie ,eUuro rei 0 | uke 
Ho pital and i TN cl | ( \ 15-year-old boy developed fever, malaise, and 


ine generalized adenopathy, three months before ad 


superior 
Jar 


trapezi 





INJURY TO ACCESSORY NERV! 








hig. 2—A, posterior view of atrophy of the superior third of the right trapezius muscle 
Abduction in this patient was possible to 80 degrees before failure of scapular fixation pre 
cluded further abduction. B&, restoration of muscle mass and normal support of pula duri 
early abduction movement to 90 degrees 11 months after operation 











Fig. 3 1, loss of abduction above 90 degrees on the right side. Elevation of the ipper 
extremity, in both flexion and luction, 1s accompanied b capulothor movement The 
part that the trapezius muscle pla in tl rhythmic shoulder joint movement heen at zed 
in detail he upper third of the trapezius, the levator scapulae nd the upper digitatior 
the serratus anterior form a unit that passively supports the shoulder, active elevates the 
houlder, and fort the upper ymponent necessary for ipular rotat All three 
exhibit an actior potential while at rest, evidence for the postural ti f 
With abduction, the iperior third of the trapeziu hows an action potential that rise 
inmear tort witl urve at 90 cde ee ‘ ! tior vhere the 

upport functior of ipular rotatior The inferior tl 

he trapeziu A he serratu nteriot he we 
ponent of the tr ipeziu port 1 i 1 t ¢ ' | lu 
tior Phe iddl et to ft the 7 ts plane 
motion durit cle paralyzed, the ipula { 
port and fixaty \ the tw ponent r the pt t 

ouple True abduction then fails above 90 degree ilthough the substitutive power the 
serratu nteri illows elevatior the ar n flexion. B, 1 bduceti | ont te 
yperation 
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positive abduction test for accessory nerve para! ysis 


, right. The small biopsy 

visible behind the middle third of the right sternomastoid muscle. In the performance 
of this test of trapezius muscle dysfunction, the examiner holds the wrist firmly at the side 
The patient then attempts abduction against this fixed point of resistance A positive test 
indicating an accessory nerve lesion with trapezius muscle paralysis is illustrated in this 
patient, with flaring of the entire vertebral border of the scapula and a virtual dislocation of 
the scapula laterally upon the thoracic cage. Abnormal scapular rotation in complete trapezius 


paralysis, as well as in minimal involvement, may be demonstrated readily by fluoroscopy of 
scapular movement during the testing maneuver. 8, normal or negative abduction test for 
trapezius paralysis, right, 11 months after operation 


. 


Great 
=-~- -Auriculor N. 


Fig Surgical anatomy of the accessory nerve general, the upper third of the 
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to point 


Fig. 6.—Pathological changes. Top, accessory nerve segment immediately distal 
fascicles and concomitant vessel. Bottom, point of 
car tissue and foreign body reaction at edge 
suture. (Sections from case of complete 


of injury. Note size of degenerated nerve 
injury, with nerve fascicle imbedded in mass of 
of neuromatous area, representing circumferential 
nerve disruption. ) 


trapezius muscle derives its major motor innervation from the eleventh cranial nerve, the 
the lower two-thirds from the anterior rami of the upper cervical nerves 
Overlap and variations from this historical and static concept of muscle innervation are 
common and are probably the result of variable migration of motor neurons, The vast majority 
of deliberate or accidental divisions of the accessory nerve are followed by clinical loss of 
function of the trapezius muscle [he accessory nerve as it emerges beneath the posterior 
border of the sternomastoid muscle lies very superficially in the posterior cervical triangle and 
remains just beneath the skin as it traverses this space to enter the substance of the trapezius 
muscle. Minor filaments may accompany the parent nerve trunk. It is a small nerve, measuring 
3 mm. or less in diameter. A small arterial branch from the transverse cervical artery may 
approximate its course. During lymph node biopsy, control 
forceps or ligation injury 


spinal accessory, 


accompany the nerve or closely 
of this vessel has often mplicated the accessory nerve sewment b 





mission to the Duke Hospital. A diagnosis of 
infectious mononucleosis was made on the 


of blood studies. On Nov. 16, 1952, biopsy of a 
lymph node in the right posterior cervical triangle 


basis 


was done, and, following this, loss of abduction 
of the right arm above 90 degrees was noted, with 
aching pain in the right shoulder girdle. Various 
this defect 


course are this 


aspects of patient’s neurolo,ical and 


subsequent illustrated in paper 


by means of preoperative and postoperative 


photograph 


Accessory Neurological Findings— 
Sensory 


Reference to the illustration concerning 


surgical anatomy shows the close relation 
hip between the accessory nerve and certain 
branches derived from the cervical 
plexus, chiefly the 


When the acce 


point, close to the border of the sternomas 


sSENSOry 
lesser occipital nerve 
ssory nerve is injured at this 
toid muscle, patients may show sensory loss 
in the domain of the lesser occipital nerve 
and may complain of both numbness and 
paresthesias in this region of the posterior 


S( alp 


Surgical Approach to Injuries of the 
Accessory Nerve 


No instance of 
of thi 


spontaneous regeneration 


nerve has been observed in. this 


experience ol 14 consecutive cases of opera 
this 


tive injury. Exploration of cranial 


nerve is conducted under the principles that 
govern peripheral nerve surgery in general. 
The surgical scar is usually short, trans 
verse to the long axis of the neck, and thus 
at right angles to the anatomical course of 
the accessory It should be resected 
with Z-shaped 
expedite primary dissection of the proximal 
distal 


segment is more easily found by using the 


nerve 
skin incisions designed to 


and nerve segments. The proximal 


posterior border of the sternomastoid mus 
cle as a landmark and by keeping the dis 
section plane a very superficial one. Stimu 
lation of the proximal segment will identify 
and the 
fibers should be carefully dissected free from 


black 


nonabsorbable surgical (silk) suture about 


incomplete lesions, intact nerve 


the operative scar; in such cases, a 
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the nerve trunk may be found. Although 
there is considerable academic debate con- 
cerning the value of so-called neurolysis of 
incompletely damaged peripheral nerves, 
there is ample experimental evidence to 
show that nerve function is inhibited by 
nerve compression, and a circumferential 
suture represents real compression. 

In complete cases, nerve gap is always 
the seg- 
ments are readily mobilized to overcome 
gap. 
shoulder, and use subsequently of a sling, 
After 


resection of the small proximal and distal 


small, 1 cm. or less, and nerve 


such a Passive elevation of the 


will aid in suture without tension. 
neuroma and glioma, the suture is actually 
an approximation suture, done by one or two 
sutures of No. 5 ophthalmic silk. The arm 
should be supported by a sling for the fol 
lowing two weeks. Unless pain is associated 


with involvement of the lesser occipital 


nerve, these sensory fibers need no particular 
attention, Annoying 


this 


paresthesias in the 


domain of nerve are best treated by 
total lesser occipital nerve division. 
Duke 


Department of Surgery, University 
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Metatarsus Primus Varus and Hallux Valgus 


DONALD C. DURMAN, M.D., Saginaw, Mich. 


In about 1934, several patients operated 
on for hallux valgus in the preceding few 
years began to appear with recurrence of 
deformity 
all these patients was 
Other 


The obvious common finding in 
metatarsus primus 
varus patients operated on during 
the same period and by the same method 
None of these had 


It was concluded 


had satisfactory result 

metatarsus primus varus 
that metatarsus primus varus was the pri 
mary deformity and that failure to evaluate 
its significance and to correct it was respon 
sible for recurrence of hallux valgus 
above conclusions an 


To verify the x-ray 


study of normal asymptomatis feet was 


made A group ot! employees a large 
industrial plant were asked if they had ever 
If their 


feet 


had any foot trouble answer was 


“no,” x-rays of their were made. On 


completion of the survey it was apparent 


that not all were strictly frank, since there 


were nine in the group with obvious, rather 
marked hallux valgus 
A total of 374 feet in 178 persons were 


studied. Lines were drawn on the x-ray 


films following the long axes of the first and 
second metatarsals and the long axes of the 
great toes and the intermetatarsal and meta 
tarsophalangeal angles measured. This meth 
od has since been employed by Stein,! 
Mitchell and co-workers,? Hardy and Clap 
ham,® and others 

In 356 normal feet of the above group the 
intermetatarsal angles varied from 0 to 16 
degrees. The angles 


metatarsophalangeal 


varied from 0 to 20 degrees. In the majority 
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the metatarsophalangeal angles were about 
twice the intermetatarsal angles regardless 
of how narrow or wide. From this study it 
that the ideal foot 
(lig. 1) is one in which the first and second 


was concluded normal 


metatarsals are parallel and the great toe 
extends directly forward in the long axis 
of the first metatarsal and that the average 
normal foot has a metatarsophalangeal angle 
of about 20 degrees and an intermetatarsal 


2) 


angle of about 10 degrees (lig 

It was further noted that the shape of 
the first cuneiform varied considerably from 
11% of feet. This 


seemed to occur more frequently and to a 


the textbook normal in 


greater degree in those feet with wider-than 
average intermetatarsal angles 

Similar measurements were made on the 
None of these had 
intermetatarsal angles of 10 de 


grees and they varied from 10 to 18 degrees, 


18 hallux valgus feet 
than 


less 


with the metatarsophalangeal angles ranging 


from 22 to 56 degrees 


Also the degree of 
hallux valgus was again found to be about 
twice the degree of metatarsus primus varus. 
l‘irst cuneiform deformity was demonstrated 
in 47% of feet, as opposed to only 11% 
in the normal feet 

The significance of variation in the shape 
of the first cuneiform and obliquity of the 
cuneometatarsal joint was not immediately 
appreciated, It was thought that this might 
have been more apparent than real and per 
haps due to the x ray technique employed 
After several trials it was determined that 
the best visualization of the first cuneiform 
and the cuneometatarsal point could be ob 
tained by projecting the x-rays at a right 


angle to the dorsum of the foot with the 
patient seated or standing and the foot rest- 
ing horizontally on the x-ray cassette. All 


subsequent studies were made in this way. 





UVETATARSI PRIM ;US AND 


Upon tucdies 


compl tion 


an operation wi i » accomplish 


correction of f l primus varus 


element of t form) as well as_ the 


valgus and has been employed with 


hallux 





First and second 
parallel The great 
first 


trans 


Fig l Ideal normal 
metatarsals are approximately 
toe projects 
metatarsal, 
verse 


foot 


long axis of the 
joint 


forward in the 
and the cuneometatarsal 


Fig ; Average normal foot 


cuneometatarsal joint 1s transverse 


HALLI 


X VALGUS 


variations and refinements since that 


SOT 
Ime 

The study of hallux valgus and normal 
feet has continued and has confirmed the 
study and 


facts. An 


impressions gained in the initial 


has added some other significant 


additional group of 886 patients was studied 


This group comprised 441 females and 445 
males aged from a few months to 80 years 
Both 


135 males 


feet were studied in 260 females and 
Since the patients in whom both 
feet were examined presented themselves for 
the most part with complaints referable to 


both 


foot disabilities are 


feet, one can assume that functional 
about twice as common 
Among the 395 
both feet 


194 with hallux valgus or 


in females as in males 


feet of patients in whom were 
studied there 
190% 


In the entire 


were 
about 
group of S86 patients one 
foot only was examined in 181 females and 
310 males 


chiefly 


These patients presented them 


selves because of trauma to one 

the predominance of males 
Among 446 feet studied 

(Table 1) it that 94% had 


intermetatarsal angles of 10 degrees or less 


toot hence 
normal male 
will be noted 


and that 86% had intermetatarsal angles of 
among 22 
(Table 2) only 86% 

metatarsal angles of 10 degrees o1 
81% 


6 to 10 degrees, while normal 


female feet had inter 


less, and 


only had intermetatarsal angles of 6 


to 10 degrees. Another striking finding was 
that parallel or nearly parallel first and sec 
ond metatarsals (angles 0 to 4 degrees) oc 
about 9%, of male feet 


than 4%, of 


curred in 46, o1 


and in 15, or slightly more 


female tect 
In the 
feet 


27% 


entire group of male and female 


cuneiform deformity was present in 


However, it was present in only 3% 
feet and in 39% of feet 


of male female 


hallux valgus feet in males 


had 
less, 


\mong 77 
{ ‘| able 3 - 49Q% 


of 10 degrees or 


intermetatarsal 


while 50% 


angles 
had inter 
metatarsal angles 
Among 341 hallux 
( lable +). had 
of 10 degrees or less, 


of more than 10 degrees 


female valgus feet 
intermetatarsal 


and 64% 


only 35% 
angle : were 


above 10 degree ‘ 





Normal Feet in 466 Males * 


Intermetatarsal Angles, Degree 


Potal 


* The greatest number of feet with parallel or nearly parallel first and second metatarsals is in group up to 15 years of age; 94% of 
male feet have intermetatarsal angles of 10 degrees or le a) have angles of 6 to 10 degrees 1’ have angles of 12 to 16 degrees 


Normal Feet in Females * 


Intermetatarsal Angles, Degree 


* The greatest number of feet with paralle! or nearly llel first 


paralle ind second metatarsal in group upto 15 years of age; 86°, of 
female feet have intermetatarsal angles of 10 degre l 


es or kt 81 have angles of 6 to 10 degree 13% have angles of 12 to 16 degree 


Hallux Valqus in Males* 


Intermetatarsal . Degrees 
1e 


A‘ 
Yr 16 
11-15 

16-20 

21-25 

2350 

$135 

$40 

41-45 

46-50 

et 

OHO 

Hi“ 

6-70 

lotal 


* Slightly more than half of male feet with clinical hallux valgu 


have metatarsus primus varus, i.e., intermetatarsal angles of more 
than 10 degree 





METATARSUS PRIMUS 


Cuneiform deformity was present in about 
43% of hallux valgus feet of both sexes 


In the entire group (normal and hallux 


valgus) there were 80 girls and 102 boys 


under 19 years of age. There were 20 girls 


and only 3 boys with hallux valgus (Table 


5). Among the four hallux valgus feet in 


boys, two revealed intermetatarsal angles of 
more, while in 27 feet of 


had 


Of the 31 hallux valgus feet in chil 


10 degree Ss OF 


girls, 18, or 66%, metatarsus primus 
varus 
28 exhibited cuneiform deformity 


children had 


the high incidence of 


dren 


Since all these worn. the 


usual children’s shoes, 
hallux valgus and astonishingly high rate of 
metatarsus primus varus cannot be explained 


basis of inherent develop 


except on the 
mental factors 


Hallua 


TABLE 4 


Intermetatarsal 


* Sixty-four per cent ¢ 


than 10 degree 


termetata 


Valqu 


VARUS AND HALLUX VALGUS 


In hallux valgus feet of both sexes and 


all ages the incidence of other congenital 
anomalies was much higher than in normal 
feet and is to be made the subject of another 
papel 

The foregoing observations seem to refute 
the assumption that in the majority of cases 
the deformity of the big toe joint is the 
that 


does hallux valgus develop secondarily and 


important one and only occasionally 


from metatarsus 


4 


inevitably congenital 


primus varus On the ‘contrary, they indi 
cate that hallux valgus is in more than 50% 
secondary to 


first 


of feet a congenital malfor 


mation of the cuneiform bone which 


concomitant with metatarsus 


foot 


leads to or 18 
varus As the 


velops, hallux valgus is increased by dynamic 


primus grows and de 


Feet in Females * 


Angle Degrees 


20 


ntermetatersal angles of more 


Bilateral 


metatarsus primu 





intrinsic and extrinsic forces applied to the 
great toe 

The etiological relationship between meta 
varus and hallux valgus ha 


tarsus primu 


been noted by several observers but has not 


been sufficiently stressed and not thoroughly 


understood. Testimony of this assertion lie 
in the number and diversity of procedures 
for the correction of the deformity which 
are illogical or which are directed at over 
coming secondary factors, such as abnormal 
muscle pull, rather than the primary deform 
ity Once the primary deformity is cor 
rec ted, unbalanced muscle action is no longet 
a deforming factor unless anomalous tendon 
insertions are present 

Iwald,® in 1912, noted obliquity of the 
distal articulation of the first cuneiform in 


feet 


Ewald’s observations in 


Berntsen ® verified 
1930 and 


of hallux val 


hallux valgus 
recorded 
cuneiform deformity in 67% 
gus feet but in only about 6% of normal 
feet Recently (1954) Haines and MeDou 
gall’ have again called attention to cunei 
form deformity as part of the pathological 
anatomy of hallux valgus 

The operation herein described was de 
vised to attack the primary deformity as 
well as the hallux valgus and is based on the 
work of ° Hallux 


valgus varus are 


Truslow ® and Peabody 


and metatarsus primus 
deformities in every way comparable to 
coxa vara and genu valgum, which, if oc 
curring in the same extremity, would be 


corrected by two osteotomies ( hig, a 


The Operation in Detail 


The first part of the operation consists 
in the correction of the hallux valgus ele 
ment by the method of Peabody, which in 
the main consists of removal of the exos 
tosis followed by cuneiform osteotomy of 
the neck of the metatarsal. A wedge of bone 
with its base medial and wide enough to 
permit correction of the valgus position of 
and the 


head 1S removed, 


taut to the 


the metatarsal 


capsule is sutured metatarsal 
neck to hold the great toe in alignment with 


the long axis of the metatarsal. 
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ae 


Fig. 3 
Oot coxa Vara and 
tremity and 
varus in the 


Two osteotomy correction 
genu valgum in the 
valgus and metatarsus primus 


root 


concepts ol 
Same e€xX 
hallux 


Same 


To the foregoing the following has been 


y 
added. The incision is extended proximally 
first 


to bone along 


to the midportion of the cuneiform 


carried down 


first 


and is 
the base of the 


bone 
metatarsal and cuneti 
form, from which capsule and periosteum 
stripped on the dorsal and ventral 
This 


metatarsal. 


are 


aspects. mobilizes the base of the 
The joint can then be opened 
by pulling the metatarsal with 
hook. The lateral ligaments 
While the 


parallel 


laterally 
a small bone 
act as a_ hinge. metatarsal is 
held as 


as possible, a bed is prepared for the recep 


nearly with the second 
tion of 
of the 


metatarsal 


a bone graft by removing portions 


articular surfaces of the cuneo 


joint with an oscillating plug 
cutter, This hole is made about half the thick 
ness of the base of the metatarsal. A cir 
cular graft of correct size is cut from the 
preserved exostosis if it is large enough 
or from the upper end of the tibia or from 
a piece of banked bone. We prefer auto 
genous grafts but on occasion have used 
bone 


banked This graft is impacted into 


the prepared bed. The remaining dead space 
in the joint is filled with small chips of bone 
from the exostosis and from the wedge from 


the distal end of the metatarsal removed in 





METATARSUS PRIMUS VARUS 


rig. 4 1, Capsular flap cut and reflected 
drill holes. C, hallux corrected and 
graft and bone chip 


| 
valgus 


The 
graft acts as a prop to hold the first meta 


the first part of the operation circular 


tarsal in corrected position. No fixation of 
the graft other than suture of the capsule 
locked 


securely in position by the tendency of the 


over it 1s because it 1s 


necessary 


metatarsal to spring back into a position of 
The the 


usual way and medial and plantar tongue 


varus wound is then closed in 
depressor splints are applied to the side of 


the foot and big toe with narrow elasti 
bandage. Casting is unnecessary 

When this procedure was first done, the 
wedge of bone removed from the distal end 
the 


a transverse 


used to insert into 


the 


Often it was too thin, 


of metatarsal was 


osteotemy at base of the 


+) 
complete correction of the metatarsus primus 


the 


metatarsal (lig 


obtained, and graft be 
tended to 
When the 


deformity 


varus was not 


cause of its shape be extruded 


from the osteotomy significance 
the 


to be appreciated, fusing the joint by de 


of role of cuneiform began 


nuding its surfaces of cartilage and insert 
ing the wedge was done but presented the 

Then 
bone Wa 
difficult to 
circular plug cutters 
bed 


difficulties have 


objections as above a re 
graft of 


atisfactorily 


Sammie 


tangulat cortical used 


quite but was cut 


to proper size Sines 


been used to and cut 


} 


ADOVE 


have prepare a 


a graft, the been com 


pletely eliminated and the operation done 


more rapidly and with greater ease 
It is logical to fuse the cuneometatarsal 
joint much the same as in the Hoke, Miller, 


AND HALLUX 


RB 


cuneometatarsal 


VALGUS 


passed through 
prop 


and 
fused 


distal wedge cut 


joint 


suture 


with circular 


Lowman, and other procedures for flat foot. 
Most patients with hallux valgus have weak 
feet the 


aids in the solution of the over-all problem 


Fusion of cuneometatarsal joint 
by adding stability to the medial border of 
the foot. Furthermore, insertion of a graft 
in the medial side of the joint is a positive 
and logical method of holding the first meta 
tarsal in correct position in contrast to any 
procedure aimed at fusing the lateral side 


the first metatarsal base to the second. 

Phe 
this operation 
10% 
lengthened by using a larger graft 
of 
the clinical importance of a short first meta 


ill 
valgus 


of 


metatarsal is not shortened in 


If it 


patients, it 


first 


is short, as it was in 


of our can actually be 


While 


there is some difference opinion to 


as 


tarsal, it would seem advised to do any 


operation for hallux which would 


result in further shortening of an already 


short first metatarsal (ig. 5A and B) 


Postoperative Care 


Patients are permitted up-and about as 
de They able to walk 
outer borders of their feet and heels 


Che 


two 


soon as they sire are 


on the 


without much difficulty splints and 


sutures are removed in weeks. Night 


splints are provided to hold the great toes 


those 


in when 


the 


proper position in instance 


great toe tends to relapse 


full 


into valgus 


In three weeks weight-bearing in a 


cut-out shoe with sponge rubber longitudinal 
These 
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and metatarsal inlays is permitted 





inlays are placed according to tracings and 
treet They should be 
and not by a 


maker, As 
ubsides, the 


measurements of the 


fitted by the surgeon shoe 


salesman or appliance soon as 


all swelling patient is fitted 


with regular shoes provided with the same 


type inlay These are indefinitely. 


probl m of the 


Worth 


importance Of attention to the over-all 


feet in each patient cannot 


Neglect of this 


inevitably result in 


be too strongly emphasized 


phase of treatment will 


a dissatisfied patient 


Fig. 5.—Rheumatoid arthritic with marked 
hallux valgus and metatarsus primus varus betore 
and after Note bone graft in place and 


complete correction of metatarsus primus varus 


foot 


operation 


Complications 


There have been no serious compli ations 
Chere has been occasional delay in skin heal 
ing as is common on the feet especially 


when incisions traverse thickened = skin 


There was one benign wound infection in 


the entire group. The most frequent com 


plication, if indeed it can be so called, has 


been persistent swelling, which may delay 


fitting of regulat shoes for several weeks 


This 


since it ha 


swelling has been difficult to explain, 


otten occurred in one foot of 
a bilateral case when the same operation has 


been done on both feel 
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Follow-up 


A total of 


been operated on, 


159 feet in 83 patients have 
In some of the patients 
operated on in the early days of the develop 
ment of the operation there were several re 


mild 


incomplete correction of metatarsus primus 


currences of hallux valgus due to 


varus or slight loss of correction from slip 


ping of the wedge-shaped graft. One of 


these patients was reoperated on with a 


satisfactory result. There have been no re 


currences of hallux valgus in the later cases 


A few patients were lost to follow up 


shortly after operation, and the results are 
not known but were satisfactory when last 


seen, Only five patients in the entire series 


were followed less than three months. All 


others have been followed long enough to 


evaluate end results. Forty-one patients 


have been followed one year or more, many 


of these for several years Che longest fol 
low-up was 18 years 


There 


of the cuneometatarsal joint 


were three instances of nonunion 


Clinically these 
joints seemed solidly fused and were not 
producing any symptoms, but fusion could 
There were 


the distal 


not be demonstrated by X-ray 


no instances of nonunion of 


osteotomy. Several patients with marked 


hallux valgus and rheumatoid arthritis had 
considerable limitation of motion of the big 


toe joint, but all were much more com 


fortable than before operation. There was 


no loss of push-off power of the great toe 
in any other patients, although a few had 
slight limitation of big toe joint motion. 


It is difficult to classify end results of 


this type of operation in the usual way. As 
far as correction of deformity is concerned, 


the only failures were those mentioned 


above, and those were due to technical 


errors. With one exception the patients were 


satisfied, and this one was reoperated on 


Subjectively all patients who were followed 


longer than three months were well pleased, 


so much so that they constitute the most 


grateful group in this writer’s practice 





METATARSUS PRIMUS 


Summary and Conclusions 


Results of a radiological anatomical study 
of several hundred normal and hallux valgus 
feet are presented 
Functional foot disabilities are much com 
moner in females than in males 

Average normal first metatarsal varus is 
10 degrees 

Intermetatarsal angles wider than 10 de 
females than males. 


grees are commoner in 


Cuneiform deformity and = increased 


obliquity of the cuneometatarsal joint is 


commoner in females than in males and is 

commoner in hallux valgus feet than in nor 

mal feet 
Metatarsus 


deformity are 


primus varus and cuneiform 


present in well over 50% of 


hallux valgus feet, are probably primary 


deformities, and represent arrest of on 
togeny 

If in a hallux valgus foot the intermeta 
tarsal angle is 10 degrees or more and/or 
if first cuneiform deformity is present, the 
metatarsus primus varus element should be 
corrected 

\n operation for correction of hallux 
valgus and metatarsus primus varus Is pre 


sented and end results described 


VARUS AND HALLUX 


VALGUS 
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The Use of Potassium Chloride for Defibrillation 


of the Ventricles of the Hypothermic Dog 


ROBERT H. KYLE, M.D., and CHARLES K. KIRBY, M.D., Philadelphia 


anoxic hearts of normothermi 
defibrillated by a 


shock of 0.10 second duration, 


While 
dogs can be uniformly 
single 220 \ 
defibrillation by the same technique is not 
so readily accomplished in hypothermic dogs, 


this lab 
Defibrillation by re 


as shown by previous studies in 


12 (Table 1) 


oratory 


TABLE 1 


Defibrillated, 
Normal 
Beat Asystole 


Pemperature 


peated shocks was always possible, how 
ever, and an effective heart beat was restored 
though not without diff 


in all instances, 


culties in some 

Swan and co-workers,*:* found “that the 
fibrillating hypothermic heart could rarely 
mas 


be converted to a normal 


sage 
the coronary arteries of the fibrillating heart 


rhythm by 


and electric shock. However, when 
were perfused with potassium chloride (1 
meq. per ml.) the fibrillation could usually 
be converted directly or by use of electric 
shock ‘s 

The object of this experiment was to com 
pare the effectiveness of potassium chloride 
and electric shock in defibrillating the hearts 


of hypothermic dogs 


Experimental Methods 


anesthetized with 


Mongrel 
barbital 


dogs were pento 


sodium (25 mg/kg.) An endotracheal 
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100% 


pressure 


tube was inserted, and oxygen was given 


with intermittent positive by respirator 


he animal's trunk was packed in crushed ice 


surrounded by sheeting until the rectal 


(80.6 F) 
usually fell 


pla ti 


temperature fell to 27 ( After removal 


of the ice the another 


>C (36 F) 


temperature 
Thoracotomy was per formed through 


the left fifth intercostal space, and the pericardium 


Result of a Smgle Shock of 220 Volts for 0.10 Second 


Defibrillated, 
Persistent Not 
Defibrillated 


Heart 


fibrillation was 
shox k, usually 10 v. for 0.5 

shocks of the same 
Ventricular fibrillation 


was opened widely. Ventricular 
induced by an electric 
serial 


second Occasionally, 


magnitude were required 
was allowed to continue for four minutes without 
compression was then 


After 


treatment. Manual cardiac 


started at a rate of 80 beats per minute 


two minutes, at which time the myocardium ap 


peared pink and the fibrillatory movements were 


vigorous, a Crafoord clamp was placed across 


the ascending aorta and potassium chloride in a 


concentration of 1 mEq. per cubic centimeter was 


injected into the aorta proximal to the clamp 


Four cubic centimeters (4 mEq.) was injected 


in the smaller dogs (8-10 kg.), and seven cubic 
centimeters (7 mEq.), in the larger dogs (15-20 


The 
mq.) 


kg.) average injection was about 5 c¢ 
c 


( The heart 


was compressed 15 times 
with the clamp in place to perfuse the coronary 


This 


promptly and 


stopped the 
The 


was completely arrested and motionless in diastole 


arteries thoroughly always 


fibrillation completely heart 


The Crafoord clamp was then removed, and manual 
compression was resumed at the rate of 80 beats 


per minute. Sometimes a normal sinus rhythm 


began almost immediately. If not, and if the 


heart beat seemed ineffective after three to four 


minutes of cardiac compression, the root of the 





IRIDE FOR DEFIBRILLATION 


Potassium chloride appeared 

ve in stopping ventricular fibrillation 
was not more effective than electric shock, 
however, and did not appear to have any 
outstanding advantage, such as « 


It did appe ir to have one eT1o 
msiderable period of time in an effort to ol e.. cardiac arrest in diastole which 
etfective heart beat I pinephrine (0.1 to O 


: ( Ist apparently a i result of 
in a 1/10,000 sol y ( into tl : 
Sate wntiicla ta tn é 2 age th ion of myoeardial activity Chere 


to produce out tl n il ; \ some dithculty in reestablishing an ef 
hlorice wert | ry instance and 
for at least an hour before giving up on not uncommonly the outcome seemed to be 
When it es h POFRSTeEN, CmsesN in doubt for a half hour, or more 

a soy peigeh a a" \s a result of these experiments, we are 


les sinks TECK tae: debtetation ts elles strongly inclined to favor electric shock 
ments, it appeared that there wa her pe rather than KCI when ventricular fibrilla 
centage of good results when the period tion occurs as a complication of hypo 
Pango Was Ter 80 — In an attempt to con thermia. We would not recommend the use 
1 this obs tio g dogs > treater . s 
rene rg soaps sthgeadhine Ri “s yorsartie of KCl under the conditions described above 
arteries were perfused with potassium chloride unless some more effective antagonist can 
after only 1.5 to 2.0 minutes of ventricular fibrilla be administered to aid in reestablishing an 
tor Fibrillation was promptly abolished, as be effective heart beat 
fore. In seven instances, fibrillation recurred and 

repeated use o ‘ le, and epinephrine 


sienhiedl Conclusions 


Both serial electric shock and potassium 
Results chloride are uniformly successful in stop 


results are summarized in Table 2 ping ventricular fibrillation in hypothermic 


mparison of Defibrillation Meth 


Fffective Heart 
eat Restored, 
oO 


G 


Method 


Serial electric shock after 4 min. of fibrillation 100 


KC] after 4 min. of fibrillation 


KC] after 1.5 to 2.0 minutes of fibrillation 


and are compared with those of a series dogs The diastolic arrest which follows 


treated identically except that repeated elec K¢ | administration IS re irly alway difficult 


tric shocks were used for defibrillation to overcome 


When ventricular fibrillation is allowed 


Comment to persist for four minutes before resusci 
tative measures are instituted, an effective 


In previous studies we obtained what we 
heart beat can be restored in 100% of the 


consider to be rather clear-cut information : 
) aa animals after electric shock defibrillation but 
SNOCK adigy - 
% after KCI defibrillation. When 
used after only 1.5 to 2.0 


regarding the effectiveness of electri 


in defibrillating the hearts of normothermt 
, er minutes 

and hypothermi dogs following a period of of fibrillation. an effectin 

stored in &/% 


providing a base-line for the present study $400 


is re 
anoxia This information was useful in 


Spruce St +) Dr 
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A Comparison of the Tissue Reactions to Plastic 


Materials 
Dacron, Ivalon Sponge, Nylon, Orlon, and Teflon 


CAPT. J. HAROLD HARRISON (MC), U. S. Army; DAVID S$. SWANSON, M.5S., Denver, and LIEUT. COL. 
ARTHUR F. LINCOLN (MC), U. S. Army 


In the past decade there has been an in ployed throughout, and all the implants were 
sense to the © of plastics in surgery a placed well away from the suture lines 

( Case ¢ a ) as 5 » a> 
; Animals were given penicillin and streptomycin 


suture material, for drains, as a replacement 
for seven days. They were followed clinically and 


of bones and soft tissue defects, and, more killed at intervals of one week for eight weeks 
recently, as blood vessel grafts. Some of Che implants were examined grossly, then ex 
the observers state that these svnthetic ma cised with a margin of surrounding tissue and 


terials are inert and incite no tissue re placed in 10% formalin. Paraffin-embedded tissue 


action.*79628 while others have reported blocks were sectioned and stained with hematoxy 
; Maan lin and eosin for microscopic study 
reaction of varying degrees.*:1%?!43 An 
evaluation is difficult because the responss 
of the host will depend upon the site of 
implantation, degree of blood supply, 
motion, and the quantity of material im 
planted. The importance of removing the 
irritating plasticizers used in the manufac 
turing process has been previously empha 
sized,1528 
Chis pape! represents a comparative 
study, under essentially the same conditions, 
of the tissu response to plastics that are 


being used commonly today 


Method 


All the 
boule 


boile 


1 in 

1 ow 

weave ot polyetl | glyco terephithalat (Da 

cron), nylon, a polyn acrylonitrile (Orlon), 

Schematt 
: ; ; mp 1 and 

pre ( | poly vinyl V ny l yal 2 rlon: ; letlon : 


in the subcutaneou 


tetrafluoroethylen ) t letlon) 


f nine dogs (Fig 
with suture 

ception ol pol 
nonabsorbable. 
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Results ing a chronic inflammatory reaction char 


ylon..During the first three days there acterized by lymphocytes, plasma cells, 
was edema surrounding the subcutaneous macrophages, and foreign body giant cells. 
implants, with sufficient fluid in some to his diminished over a period of six months, 


necessitate drainage. This subsided after ap after which there could be found only an 


proximately 14 day Phe implants could be Occasional macrophage and foreign body 


easily separated from the edematous sur giant cell 
rounding tissue during the first 10 to 14 
day Microscopically (big 


l'ibrosis was evident on the 7th 
day, and the implant became completely en- 


2), there was  capsulated by proliferating fibrous tissue by 


an early marked acute inflammatory reaction 14 days. Growth occurred through the inter 


characterized by an infiltration of poly stices of the weave at three to four weeks, 
morphonuclear leukocytes and macrophages. with an eventual isolation of the individual 


Phe acute reaction gradually subsided, leay fibers by six to eight weeks. A similor de 


Fig. 2 Photomicro- 


graph of nylon implant 
50 days; reduced about 


2/5 from mag. * 75 


Fig. 3.—Photomicrograph of nylon pericardial Fig. 4.—Photomicrograph of Dacron implant 
implant at five months. Separation of fibers due to 50 days; reduced slightly from mag. X /95 
sectioning ; reduced slightly from mag. > 75 





TISSUE REACTIONS TO PLASTIC 


Fig. 5 


Photomicrograph of Orlon implant 
days; reduced 5 


slightly from mag. & 75 
gree of reaction occurred when the implants 
were placed in defects of the pericardium 
and blood vessels. At five months (Fig. 3) 
the pericardial implants were enclosed in 
matured fibrous tissue and only an oc 
casional chronic inflammatory cell was pres 
ent. 
Dacron.—The edema elicited by the Da 
ron implants was slightly less than with 
nylon and subsided at the same rate. Micro 
scopically, the acute reaction was of the same 
degree as with nylon. The chronic foreign 


Fig. 7 Photomicrograph ot 


Teflon implant 
50 days; reduced slightly 75 


irom mag 


MATERIALS 


Photomic rograph ot 
re duc ed 


Fig. 6 
implant—50 


45 


polyvinyl! 
slightly 


sponge 


days; from mag 


body reaction was characterized by an in 


filtration of macrophages, foreign body giant 
cells, plasma cells, and lymphocytes, and it 
There 


was reaction of a similar degree to Dacron 


was less than with nylon (Fig. 4) 


inserted as artery grafts. The degree and 


rate of fibrous enclosure of the implants 
was the same as with nylon, while that sur 
rounding the artery grafts was less 


Orlon.—-In two of the eight animals there 


was edema surrounding the orlon implants, 


which subsided after seven days. Micro 


Fig. 8 
implant 


mag 


Photomicrograph of 
month 


leflon pericardial 


four reduced slightly from 





scopically (Fig. 5), the acute and chroni 
inflammatory reaction and extent of fibrosis 
were less than with either nylon or Dacron. 
Polyvinyl Sponge 
similar to that elicited by Dacron 


the 


Grossly, the early re 
action was 
and nylon. Microscopically (lig. 6), 
acute and chronic inflammatory reaction and 
fibrosi 


surrounding the polyvinyl sponge 


implants was of the same degree as that 
It was noted, however, 


the 


noted with Dacron 


that in the interstices of polyvinyl 
sponge there was early a marked infiltration 
ot polymorphonu leat leukocytes and round 
cells, and later macrophages and foreign 
body giant cells 


Teflon 


rounding the Teflon implants. 


Grossly, there was no edema sur 
Mi roscopi 
cally (lig. 7), though, an acute and chron 
fore ign body reaction was observed: it was 
considerably less than with the other mate 
rials. The implants became enclosed in a 


fibrous tissue capsule which was thinner 
and more pliable than that surrounding the 
other plastics. A similar minimal degree of 
reaction and fibrosis was observed surround 
ing the 


graits 


pericardial (lig. 8) and artery 


Silk was used for suturing the polyvinyl 
sponge implants, the pericardial grafts, and 


the artery grafts. In all instances there was 


more marked acute and chronic foreign body 


Comparison Tissue Response to Syntheti 


Materials 


Degree of Reaction 


Material Acute Chronic 


N ylon +4 +4 ++ +4 


Dacron t+ + + 


Polyvinyl sponge 
Orlon 


Teflon 


*See discussion in text. Reaction surrounding polyvinyl 
sponge was similar to that found with Dacron, but there was a 
greater degree of both aeute and chronic inflammation in the 
paces within the material 


reaction surrounding the silk sutures than 


the synthetic materials 


In the over-all comparison there was a 


marked difference in the response of the 
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hosts to nylon and Teflon. Of the plastics 
studied, nylon caused the most inflammatory 
Teflon the least. There 


an intermediate degree of reaction to Dac 


reaction and was 
ron, polyvinyl, sponge, and orlon, in that 


(Table). The 


action to the latter in 


order difference in the re 


many instances was 
of a degree brought out by an over-all com 
parison of the gross and microscopic find 


ings 


Comment 


The 


pends upon its chemical composition, the 


reaction to a foreign material de 
physical properties, and the area of surface 
coming in contact with the surrounding tis 
When used in 


sutures, a small difference in reaction may 


sues, small 


amounts, as in 
not be apparent. When larger quantities are 


used, however, as in the replacement of 
various defects in the body, this factor is 
multiplied greatly and might well influence 
the outcome, 

Jacoby demonstrated a chemical attraction 


for macrophages to a foreign material.! 
It has been shown that the amount of tissue 
reaction and damage encountered with im 


planted metals is equivalent to the degree 


of electrolytic activity produced when they 
come in contact with the body fluids.*° The 


degree of tissue reaction and destruction 
produced by any synthetic material should 
be related to the degree of breakdown when 
it is subjected to body fluids and to the 
toxicity of the breakdown products. 

The importance of interfacial tension and 
ability to be wet by water has been stressed 
by LeVeen.!® Phagocytes must become ad 
herent to the surface of foreign materials 
before they can ingest them.® In addition, 
‘enn has demonstrated that carbon particles 
in contact with serum are phagocytized more 


rapidly than when they are suspended in 


saline.” It is felt that the adsorption of pro 
tein on the surface of the plastic alters the 
molecular configuration from that of the ad 
jacent 


tissue and results in more foreign 


body reaction.’® 





TISSUE REACTIONS TO PLASTI( 


A consideration of the chemical and 


physical properties of these plastics will 
aid in explaining the results that were ob 


Nylon is a 


which 


tained condensation product 


from wate! 
11,18 It 


1S expelled upon poly 


merization is destroyed by strong 


resistant to weak acids 


a pH 


hydrolytic 


acids and poorly 
be low 
a pH 


temperatures, pat 


hydrolysis being rapid at 
Alkaline solutions are 
above 8. At 
ticularly 


elevated 


steam under pressure, the break 


down is rapid.’:4:!!1%1829 (ne would expect 
hydrolysis to occur when the material is sub 
jected to the body fluids and slightly elevated 
temperatures over a long period of time. It 
is also more wettable than any of the mate 


rials except polyvinyl sponge.*® This chem 


ical instability and wettability can explain 


the greater degree of tissue reaction that is 


encountered. This also explains a loss of 


tensile strength after implantation (830% in 
six months ).° 


Dacron is a polyester and is also the 


product of a condensation reaction in which 


water is expelled.'*'* It has good resistance 


to mineral acids but is only mildly resistant 


to alkali.4!%!%29 H{ydrolysis should occur 


when it is subjected to the mildly alkaline 


less wettable than 


fluid of the body It is 


i) 


nylon.””. The slightly greater stability and 


less wettability may explain the lesser tissue 


reaction encountered than with nylon. It 


also loses less stre ngth <4 


Orlon '141%9 is a polymer resulting 


from a direct addition type of reaction; 


therefore, breakdown should occur less read 
It 1s, alkali,*:!* 


It is more wettable 0 


however, attacked by 


18-20 


than Dacron. 


Polyvinyl sponge is the least resistant of 


the materials to acid or alkali and wate! 


*In reviewing the literature one fire 


studies in which each of tl nthetics has been 
subjected to 

tions for short 
not able to fin 
ubjsected 


period 


VATERIALS 


soluble.14!7-79 [ts wettability is evidenced by 


its use as a sponge. The sinuses in_ the 
sponge make it difficult to compare with the 


Afte1 


surrounded by a 


other materials implantation it 


initially fibrous capsule 


leaving the sinuses open for the accumula 
tion of trapped serum and breakdown prod 


This 


relatively extreme 


ucts probably accounts for the 


degree of foreign body 


reaction in these communicating spaces 


That polyvinyl is broken down at a more 


rapid rate than the other materials is evi 


denced by extreme friability in the implants 


molcde ad 


. 


and artery grafts and rupture of 


grafts in the thoracic aortas of dogs 


Teflon is the most inert of the plasti 


materials studied to date.’:!*-*" It is stable 


against hydrolyzing and 


Che 


properties explain th 


oxidizing agents 


rhese 


gree ot re 


wettability is practically nil.*° 


slight de 
ind no loss of 


action in the tissue strength 


after months.*4 


The 


the past have been due to the inability of the 


implantation for 10 
limitations to the use of Tetlon in 
manufacturers to extrude it in the ap 
available in sey 
film, 


useful for 


propriate form. It is now 


tubes, and a 


should be 


l-tubes where concretions and 


eral forms, including 


weave Phe tubing 
scarring are 


should be ideal 


particularly in places where the 


big problems, Small sheets 


for drains, 
prevention of adhesions is 


important and 


where they are to be left for long period 


of time The weave 1s atistactory for 


this lab 
hould offes 


ults in 


good!” It 


artery grafts, and the re 


oratory to date are 


advantage s in the 


replacement of bone and 


fascial defects where nylon is now being 


mployed 


Conclusion 


Although the re sponse of the hosts to the 


studied is minimal in comparison 


with that to such materials as silk, it is in 


correct to assume that there nom he 


ults in thi tudy indicate that from the 


tandpoint of tissue reaction Teflon is a 


vnthetr material tor use in 
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The Intrathoracic Use of Au'® After Pneumonectomy 


A Preliminary Stud, 


REX B. PERKINS, M.D.; MARSHALL S. LITTLE, M.S., and WILLIAM L. HAWLEY, M.D., Birmingham, Ala. 


Bronchogenic carcinoma is increasing in 


frequency, and the five-year survival rate 
following all forms of therapy remains dis 
appointingly low. One of the reasons for 
this latter situation is the presence of tumor 
cells in the mediastinal lymph nodes, espe 
cially those of the opposite side, not cus 
even in the “radical” 


In the attempt to deal with 


tomarily removed 
pneumonectomy 
these nodes by radiation, it seemed feasible 
to plac e a radioactive substance in the empty 
hemithorax immediately postoperatively, in 
the hope that the substance would be picked 
up by the pleural and mediastinal lymphatics 
The 


Was 


and carried to the mediastinal nodes 


obvious choice of a test substance 
colloidal Au?!®%, this 


been used in the pleural space,} delivers 95% 


since substance has 
short-range (mean penetration 0.38 mm.) 
beta 


carried to 


radiation, and has been shown to be 


mediastinal nodes after intra 


bronchial instillation. In addition to intra 


bronchial and intrapleural administration, 


Au’®® has been used intraperitoneally, intra 
thecally, intravenously, and by direct injec 


tion into tumors. Its toxic and radiation 


hazards in man have, by the intravenous 


route, been found to be not excessive in 


doses up to 0.8 to 1.2 me. per kilogram of 


body weight. With an intact pericardium, 


the only new hazard in the proposed post 


pneumonectomy intrapleural _ instillation 


would be the effect on the healing of the 


sutured hilar structures, particularly the 


bronchial stump. Consequently, a_ short 


series of experiments was done to evaluate 


bronchial stump healing and to gain initial 


Submitted for publication July 16, 1956 


From the Radioisotope Unit of the 
Administration and the Department 


and Medicine, Medical College of Al 


information concerning nodal uptake of the 
radioactive substance 


Procedure 


Ten adult 
10 kg 
a lett 


mongrel dogs, weighing from 6 to 
With 
done | he 


itraumati 


each, were used terile technique 


pneumonectomy was bronchial 


stump was treated in routine fashion 


with an end-on closure secured with interrupted 


Deliber 
ately, however, the bronchial stump was left rather 
(00) silk, 


pleura. The raw hilar 


nonabsorbable surgical (silk) sutures 


long, was closed with heavy ind was not 


covered with mediastinal 


surface was not pleuralized. Postoperatively, the 
animals were given 300,000 units of penicillin and 
rations ad lib 


injected 


were fed regular Sterile saline 
30 cc., was 
with removal of an equal amount of air. With a 


shielded 1 to 4 ce. of colloid 


(Aurcoloid *) (specific activity averaging 5 


into the empty hemithorax 


syringe, radiogold 


mce/cc.) was injected into the left chest; the dog 


was returned to his cage, where it was rotated 


vigorously from side to side and the body was 
shaken in a see-saw motion to 
Au’ over 


the Au’ 


surgery; in 


insure spread of 


the parietal pleura. In animals 


instilled 


seven 


within a few hours after 
after 24 
(Table) 


(one died) at 


was 
two animals, hours, and in 
one animal, after & days 


All animals 


of 2 to 22 


were killed intervals 


weeks, and autopsies were performed 


from the right side, in order to avoid, as much 


as possible, surface contamination of the removed 


specimens from material in the left chest. Speci 


mens removed consisted of the right paratracheal, 


right bronchus, subcarinal, and left main 


main 


bronchus nodes and biopsy 


specimens of the tra 


chea, bronchial stump, myocardium, pericardium 


Micro 


Dogs 6. 7. 8 


aorta, diaphragm, and intercostal muscle 


scopi | were mace and in 


and 10 (RAG) 


speci n Fac tissue had 


tions 


radioautograpl were made of all 


1 | 
several racdioauto 


graphs made, with exposures up to 


* Abbott 
(Au™) colloid, the parti 
0.0034 in Half-life i 
the radiation primarily of 

ind a $411 mev gamma cor 


Laboratorie 


Aurcoloid is radiogolk 

being approximatel 
diameter >H9 da 
onst 1 0.97 


ponent 
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AU™ AFTER PNEUMONECTOM) 


Radioactivity measurements 


lymph nodes of only one animal, with a scintilla 


tion well counter 


Findings 
No dogs developed infection Dog 3 de 


veloped scrotal and subcutaneous sarcoma 


Dog 9 died 34 days after surgery and instil 


lation of gold. At autopsy there was com 


plete collapse of the right lung 


yroncnial stump appeared intact, DUl under 
I hial st 1 intact, but | 


water test revealed a tiny air-leak at the site 


back 
Grossly and microscopically 
healed Chis 


died from 


of a suture, several millimeters from 


the stump end 
end animal, 


the stump was 


nevertheless, apparently right 
sided pneumothorax and atalectasis via a 
and a traumatic medi 


left bronchial leak 


astinal defect. Otherwise, all dogs remained 
vigorous. 

colloidal 
appeared to have distributed itself around 
adhered to all 


brome hial 


gold 


By radioautographs, the 


hemithorax and 
Che 


shared in the exposure to radiation. In all 


the empty 
exposed structures stumps 
were well 
healed grossly, including that of Dog 9 


Microscopically all had 


healed with regeneration of mucosa, without 


10 dogs the bronchial stumps 


were healing or 


marked deficiency or excess of fibrosis. In 


flammation was not a feature, except in 


long-survival Animals 3 and 5, in which 


there was marked acute and chronic inflam 
mation of the stump end tissues, next to the 


lumen, with absence of mucosa 

Pathologic changes in the lymph nodes 
varied and were not predictable on the basis 
Au!®* o1 


general, the 


of the dosage of the duration of 


exposure. In short-ex posure 


specimens tended to show congestion, ne 
and loss of cells. The long-exposure 
tended to loss of 


loss of 


CTOSIS, 


specimens show nodal 


architecture, some cells, and 


tissue 
fibrosis. This latter was especially true in 
the two long-term-survivor animals, Dogs 


3 and 5, 
string-like, in 


whose nodes were shrunken and 


contrast to. the large gray 


succulent nodes found in the other animals 


All nodes 


showed evidence of the pre 


examined by radioautography 


Au), 


ence of 


were made on the 


| he 


although the amount of radioactivity varied 


A measure of tissue radioactivity in Dog 
confirmed the impression of heavy irradia 


tion present in these nodes, which micro 


scopically were undergoing necrosis 


Comment 


In order to « X pose these bronchial Lumps 


to radiation and encourage them to break 


down if they were going to, they were left 


long, closed with heavy silk, and not pleu 


ralized. Yet, with certain minor disecrepan 


cles, how a satisfactory 


they appeared to 
healing process The inflammation in the 
late 


at least, to 


survivors may have been due, in part 


stagnant infected secretions in 


the lumen of the stump 
Phe lymph node studies demonstrated that 


the radioactive gold is in fact taken up by 


the mediastinal nodes, of the opposite 


side. Kadioautographs show this radiation 


activity to be in the substance of the node 


and not just surface contamination Vhe 


pattern was variable, but the radiation a 


tivity, as shown by radioautographs, ap 


peared to be usually heavier in the centet 


of the node than at the periphery Phe 


quantity of radiation delivered to the various 


nodes was also variable and inconsistent 


ome instances, for 


by radioautography. In 


example, the right paratracheal node showed 


much more activity than the intervening 


nodes nearer to the opel ited on side study 


of the quantity of gold taken up by various 
nodes and tissue atter intrapleural idmin 


subject of further work 


done Phe 


lymph node changes also were 


istration, is the 


currently being microscopi 


itl ible and 


unpredictable, and they did not correlate 


well with radioautograph impressions. It 


apparent, however, that tissue irradiation 


changes occur in these nodes, varying from 


congestion and minor loss of cell elements 


up to severe and destruction of all 
cells 


The 


cancers 


necrosi 


fact that dye injected near certain 


tends to go to normal nodes and 


circumvent cancerou nodes * mitigates 
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against the concept that Au’ in the pleural 
space after pneumonectomy may be concen 
trated in cancerous nodes in 


lethal 


since the 


mediastinal 


quantities sufficient to deliver radia 


Nevertheless, procedure 


seems to be safe, and since the Au!" does 20 


tion 


to the mediastinal nodes, we believe that the 


method deserves a_ well-controlled clinical 


evaluation 


Summary 


Aul® in 


the empty 


doses up to 9O m« placed in 


hemithorax of dogs, after left 


pneumonectomy, is taken up, in 


unpre 
dictable quantities, by the mediastinal lymph 


nodes, which show varying degrees of radia 


A. M. A. ARCHIVES OF SURGERY 
tion effect. The bronchial stump heals satis 
factorily. 

The University of Alabama Medical Center (3) 
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Case Reports 


Sequestration of the Left Lower Lobe of the Lung 


W. RALPH DEATON Jr., M.D., and ROY M. SMITH, M.D., Greensboro, N. C. 


Abnormal lobes of the lung have been 


recognized in autopsy material for many 


The 


normal lobes are 


years least common of such = ab 


those known by such 


synonyms as Rokitansky lobe, extralobar 
sequestrated lobe, accessory lung, aberrant 
Bruwer, 
Clagett, and McDonald ! precisely define the 


lobe, and supernumerary lung 


abnormality as “an anomalous, nonfune 


tioning piece of pulmonary tissue found 
either below the diaphragm or between the 
[It] 1s 
enclosed in a pleural sheath of its own.” 
Although 1861 
able to find 


reported 1 of his 


diaphragm and the lower lobe 


von Rokitansky * in was 


12 cases in the literature and 


own, all were autopsy 
clinical did not 


In that Valle and 


White * presented their patient, a 9-month 


cases, and the first 


report 


appear until 1947 year 


old boy, with an extralobar sequestrated 
lobe, who unfortunately died of shock dur 
ing operation for an associated diaphrag 
matic hernia. The following year DeBakey, 


‘ excised 


Arey, and Brunazzi* successfully 
an accessory sequestrated lower lobe from 
the left pleural cavity of a7 yea! old girl. 
In each of these cases the sequestrated lung 
tissue was in addition to the normal comple- 
ment of lung tissue on the affected side. 
Recently a case of pulmonary sequestration 
has been seen wherein the sequestrated por 
tion was actually the entire lower lobe. The 
details are as follows 


Report of Case 


A male child weighing 2730 gm. was born after 


8 months’ gestation. No untoward incidents oc- 
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*Reference 2, cited by 


Received for publication June 19, 
Services, 
Cone 
Freedlander and 
Gebauer* 


The 


father, aged 25 


curred during the pregnancy mother, aged 
and the 


health. 


21 years, years, were in 


aged 20 


Immediately 


excellent There was one sibling, 


months, who normal after 


birth 


was 


the patient cried lustily and was of good 


color About an hour later it was observed that 


he was slightly cyanotic and that his breathing 


labored 
that 


Auscultation of the chest now re 


field 


was 


vealed aeration in the left lower lung 


aerosol (Alevaire) 


slight 


impaired A mucolyti 


was 


mist with administered, with 


lid not bees 


in the left 


oxygen was 
improvement in color, but he me “pink.” 


An x-ray 


chest 


demonstrated a density lower 


with shifting of the mediastinum to the 


(hig 1) Phe 


likely to be a 


right density was thought most 


bronchogenic cyst Surgical con 


sultation was obtained, in view of the continued 


yanosis and x-ray findings. Examination at this 


time revealed an infant weighing 2550 gm., with 


how 
shifting ot 


Fig. | 
ing density in left lower 
mediastinum to the right 
of reproducible quality; it 
normal left 


Preoperative radiogram of chest 
thorax ind 
(Lateral film wa not 
the density to 
lower lobe.) 


re. 


howed 


be the same shape as a 





a pulse rate of 138 per 
of 40 per minute, and rectal temperature of 
FF. The skin was slightly 
mality 


minute, respiratory rate 
99.4 
abnor 
The chest 
diminution m 
breath 

The 


with the point of 
barely to the left of the 


cyanotic No 


was noted of the head or neck 


was asymmetrical, and there were 


size, inspiratory retraction, and absent 


sounds in the left lower part of the chest 
heart was shifted to the right, 
impulse just 


ternum. No murmurs 


maximal 


were present. Remainder 
abnormality 


child had a 


consisting Of a space-occupying lesion 


xamination did not reveal any 


evident that the 


ol f 


It was physical 


abnormality 


in the left lower thorax, It was most improbable 


that improvement could occur spontaneously ; 


therefore, explorator thoracotomy was recom 
mended to and accepted by the family. 

In preparation for the operation 1 unit (500 cc.) 
matched and a Levin 


The baby 


with an 


of whole blood was cross 


tube was inserted into the stomach 


was anesthetized with cyclopropane, 


endotracheal — tube ubsequently being inserted 
laterally 
lobe 
Palpation revealed this lobe 


attached at the 


Phe left eighth 
No adhesion 
ippeared atelectati 
to be 


interspace was opened 


were present; the left lower 


very heavy and not hilus 


An artery and vein pierced the dome of the left 
half of the lower, 


diaphragm and entered the 


surface of the mass, This vas 


doubly 


removed 


or diaphragmatic, 
cular pedicle wa ligated and divided, and 
the ma wa lobe, with its 


identifiable 


The upper 


easily lingula segments, was of normal 


size and shape and expanded well The wound 


was closed in layers, and a small catheter was left 


in the pleural drainage 


space tor 


Postoperatively there was no further cyanosis 


The baby took feedings avidly. The chest catheter 
was removed after x-rays on the second postop 


fluid 


in the left hemithorax, the mediastinum had shifted 


erative day showed that there was no air or 
to the left, and the upper lobe had expanded to 
fill the pleural (Fig. 2). The 
child was sixth postoperative 
health 18 


space completely 
discharged on the 
day and remains in excellent months 
later 
Pathological 


ceived fresh is a pyramidal-shaped specimen meas 


Report Description: Re 


Gross 


uring 6.564 em, which weighs 30 gm. and 


sinks in water. Its lower margins are sharp, sim 


ilar to those of a lower pulmonary lobe. There is 
streaks on the surface 
lobules. At the 
lower posterior margin there is a clamped pedicle 


After 


directly 


a reticular pattern Of gray 


and a distinct subdivision into 


fixation the specimen was cut in a plane 


perpendicular to the insertion of the 
pedicle. In the pedicle and extending inward are 
vessels containing blood and also thin-walled chan 


blood 


reddish-brown and is 


nels that are free of The substance of the 


specimen is generally sub 
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Radiogram taken 48 hours 
Notice complete expansion ot! 
shifting of 


Fig. 2 
tively 
with 


postopera 
upper 
mediastinum to the left 


lobe, 


divided lobules in a closely similar 


to that of 


into manner 


normal lung tissue. However, immed 
iately adjacent to the pedicle is a focus measuring 
2x11 cm. of 


sue 


compact light-grayish-yellow tis 


Microscopic Ly scription At the hilus there are 


vessels, bronchi, 


blood 


arterie 


lymph nodes, and nerves. The 


vessels have the structure of pulmonary 


com 


(elastic rather than muscular wall) 


bronchi have muscular and cartilaginous 


ponents and a 


the most 


normal epithelium (Fig. 3), For 


part the structure of the remainder of 


the specimen is that of an ordinary lung except 
Here 


irregular 


in the gray compact focus seen grossly 


there are but few air sacs and many 
spaces lined by bronchial epithelium and separated 
(Fig. 4) 


sequestration of 


by broad bands of connective tissue 


Diagnosis (1) Congenital 


lower portion of left lung; (2) focal dysplasia 


of lung 
Comment 


There are many theories on the mode of 


formation of pulmonary sequestration ab 


normalities. Davies and Gunz*® have pub 


lished an excellent paper discussing the 


various theories and have come to the 


conclusion that the abnormalities must orig- 


inate very early in embryonic life, possibly 
at the 17 


somites stage. They believe that 





SEQUESTRATION OF LOBE OF LUNG 


big. 3 Photomicro 
graph of the tissue at 
the hilum of the se 
questrated lobe, showing 
a normal bronchus with 
cartilage, as well as 
lymphatic tissue, blood 
vessels, nerves, and nor 


mal pulmonary tissue 


Fig } ’hotomicro 
graph showing the area 
ot focal d pla ia (see 


text for description) 


BAY ay 
iff <y 4 PS i 


sequestration begins when the unpaired lieve that anomalous accessory lobes result 
analage of the lungs separates from the from adhesions forming between the grow 
hepatic bud and the esophagus. Thus, a ing lung bud and the coelomic epithelium, 
portion of the lung, if attached to the stom with resultant separation of a part of the 
ach analage, would migrate caudally with it. lung bud. Such a theory is also compatible 
Commonly, the remaining lung would de- with what was found im the case being 
velop normally. Hypothetically, if the sep- reported 

aration occurred late, the forerunner of a The presenting symptoms in this new 
specific lobe might become sequestrated to born child probably resulted from involve 
produce the result seen in the case being ment of the entire lobe and shifting of the 


reported. Cockayne and Gladstone ® be mediastinum to the contralateral side, in 
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asmuch as such lesions are generally asymp- 


tomatic and are usually found 


only 


incidently soyd* has even said, “Extra 


lobar sequestration is usually an autopsy 


diagnosis, and rather likely to remain one.” 
reedlander and Gebauer® similarly state 


“Accessory (intralobar sequestrated) lobes 


and agenesis can be distinguished by the 


roentgenogram, but aberrant (extralobar 


sequestrated) lobes have no known typical 
picture unless they contain much fluid or 


are altered by disease.’ This is so because 


the majority of such lesions are too small 
to produce active interference with the ven 


Valle White’s * 


the sequestrated lung was found dur 


tilatory process. In and 


case, 
correct 


ing operation to a congenital dia 


phragmatic hernia 


Brunazzi's* case, 


In DeBakey, Arey, and 
what was thought to be 
a large cyst was noted on a chest x-ray 
had a cold 
was suspected of having pneumonia 


The 


the lung, be it 


taken because the patient and 


treatment of a sequestrated lobe of 


intralobar or extralobar, is 


surgical, Infection is inevitable, even if the 


lobe is so small that it does not interfere 


with normal ventilation. It is interesting to 
note that Davies and Gunz,° 


that 


in summarizing 


the literature, found accessory lobes 
ubject to the same diseases as normal 


Also, 


extralobar 


were 


lung tissue since the preoperative 


lobe 
lac k 


diagnosis of sequestrated 


seems rather unlikely, in view of the 


A. M. A. ARCHIVES OF SURGERY 


of any absolute diagnostic signs, surgery 
becomes indicated as a diagnostic procedure. 
Summary 


Successful treatment of sequestration of 
left 


child is reported. 


the entire lower lobe in a newborn 
This is apparently the 
first time sequestration of an entire lower 
lobe has been reported, and the patient 1s 
the youngest one to be operated on for any 


type of sequestration 
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Combine your own clinical 
experience with the 
knowledge of experts... 


by reading 
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Oatmeal 


Presents No 


Digestive 
Its chemical, physical, and physiologic properties 
Burden endow oatmeal with remarkable ease of digestion. 


In a broad series of tests the average coefficient 
of digestibility for oat protein was found to be 76 
per cent;! that for oat carbohydrate, 98 per cent;! 
that of oat fat ranged from 56 to as high as 100 
per cent.4 


Oatmeal, because of its eye appeal and pleasing 
taste, stimulates the flow of salivary and gastric 
secretions. Softly particulate in form, it is readily 
miscible with the digestive juices and presents a 
large surface area to enzymatic action, thus yielding 
rapidly to gastric and intestinal digestion. 


Oatmeal promotes comfort and efficiency of diges- 
tion throughout the gastrointestinal tract. The small 
amount of cellulosic material apparently aids in the 
breaking up of the compact gelatinous food mass in 
the stomach, thus facilitating gastric emptying.* 


Because of its chemical and mechanical blandness, 
its remarkable digestibility, and high nutrient value, 
oatmeal merits the physician’s continued recommen- 
dation as a key dish of America’s breakfast, not only 
in the normal diet, but also whenever dietary adjust- 
ment is therapeutically indicated. 


Quaker Oats and Mother’s Oats, the two brands 
of oatmeal offered by The Quaker Oats Company, 
are identical. Both brands are available in the Quick 
(cooks in one minute) and the Old-Fashioned vari- 
eties which are of equal nutrient value. 


1. Merrill, A.L., and Watt, B.K.: Energy Value of Foods Basis 
and Derivation, United States Department of Agriculture, 
Human Nutrition Research Branch, Agricultural Research 


IN POSTSURGICAL NUTRITION Service, Agriculture Handbook No. 74, March 1955, pp. 8, 9, 

oatmeal finds a well-merit 25, 32-43, 60-87. 

ed place as soon as feed- 2. McCance, R.A., and Glaser, E.M.: The Energy Value of Oat- 

ings no longer need be meal and the Digestibility and Absorption of Ita Proteins, 

limited to clear liquids. Its Fats and Calcium, Brit. J. Nutrition 2:221 (1948) 

high nutrient value and 3. MeLester, J.S., and Darby, W.J.: Nutrition and Diet in Health 

blandness aid in rapid, un- and Disease, ed. 6, Philadelphia, W.B. Saunders Company, 
. . ‘ 2 ¢ - ¢ 

eventful re-alimentation. 1962, pp. 189-190. 
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In double contrast studies... 


for example—have you noticed how consistently 
Kodak Blue Brand \-ray Film provides clarity 

of detail throughout low-density areas? Blue Brand’s 
untlormity of re sponse, its contrast, and inherent 


low fog level make this possible. 


Order from your hodak x-ray dealer 


ok + 
f 1 Lz. 
EASTMAN KODAK COMPANY, Medical Division, Rochester 4, N. Y. i 0 dial: 
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